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Preface
These Proceedings in the context of the
EU-funded project ‘PGR Forum’
PGR Forum was funded under the European Union Fifth Framework 
Programme for Energy, Environment and Sustainable Development. The 
project brought together 23 partners from 21 countries across Europe, to-
gether with partners representing IUCN–The World Conservation Union 
and Bioversity International (formerly IPGRI).  Advisory and Stakeholder 
Panels, representing a number of further national, European and interna-
tional organizations, provided additional input and feedback on project 
activities and deliverables. A broad cross-section of the professional 
European plant genetic resources (PGR) community was represented, 
including PGR conservationists, policy-makers and end-users.
PGR Forum’s objective was to provide a European forum for the 
assessment of taxonomic (species) and genetic (molecular) diversity of 
European crop wild relatives (CWRs), and to develop appropriate meth-
odologies that could be applied to conserve this diversity. To achieve this 
objective, PGR Forum included five subordinate aims: 
to bring together European plant conservationists to debate the as-
sessment and conservation of European CWR PGR at both the species 
and component population levels;
to produce an assessment of baseline biodiversity data, threat and 
conservation status for CWRs;
to debate data structures and documentation methodologies, formu-
late management and monitoring regimes, and establish a means of 
assessing genetic erosion and genetic pollution as an aid to their in
situ conservation;
to communicate project results to European stakeholders, policy-
makers and user groups as a means of aiding the efficient and effec-
tive conservation and use of European CWR diversity; and
to establish a European-level forum to enhance dialogue between 
European national and regional CWR conservationists and user stake-
holders, also with policy-makers and end-users, as well as promoting 
discourse with the broader international stakeholder communities. 
PGR Forum, during its three-year project life, undertook a number of 
actions, which were divided among seven ‘workpackages’. Workpack-
ages 1 to 5 were individual workshops, each tackling a specific issue, 
while WP6 and WP7 were concerned with project product dissemination 
and with project management, respectively.  
In order to assess the wild PGR diversity and develop appropriate 
conservation methodologies, PGR Forum organized five workshops 
(WP1–5, see below), each workshop representing one workpackage. 
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end) where all participants engaged in open debate. Carefully selected critical issues currently 
threatening European plant genetic diversity, which had been identified prior to the workshop 
and discussed with European and international experts, were addressed in subgroups during 
the workshop. 
WP1 European wild crop relative assessment. Workshop debate and agreement of European list 
of CWRs and preparation of minimum biodiversity data for the taxa included.
WP2 Threat and conservation assessment. Workshop debate and assessment of relative threat 
and current in situ and ex situ conservation status of European CWRs.
WP3 Data management methodologies. Workshop debate and formulation of database struc-
tures, data management and analysis methodologies (including GIS) for the in situ plant 
conservation of European CWRs.
WP4 Population management methodologies. Workshop debate and formulation of procedures 
for generation of management plans and monitoring techniques for in situ plant genetic 
conservation of European CWRs.
WP5 Genetic erosion and genetic pollution methodologies. Workshop debate and formulation of 
molecular, ethnobotanical and other methodologies to assess genetic erosion and genetic 
pollution (from conventionally and biotechnologically bred crops) of European wild crop 
relatives.
The workshops, and particularly the dissemination conference that formally presented PGR 
Forum products, were open to the broad European stakeholder community and EC representa-
tives, but, to ensure their participation, funds were allocated specifically to facilitate Eastern 
European and diversity end-user representation. 
This present document represents the outcome of the discussions of Workshop (and Work-
package) 5. 
Brian V. Ford-Lloyd
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Introduction
The main objective of PGR Forum Workshop 5 was to agree on genetic erosion and pollution 
assessment methodologies for European crop wild relatives (CWRs). Participants considered 
how plant genetic erosion might be predicted and assessed using existing methodologies, while 
questioning its effectiveness. The workshop also considered how plant genetic pollution might 
be predicted and assessed. There are no established methodologies for assessing plant genetic 
pollution, but the threat of genetic pollution or introgression, either from genetically modified 
organisms (GMOs) or from conventionally bred crops, to wild species has become an increasing 
potential risk to the in situ genetic conservation of crop wild relatives.
Overview of the programme
The workshop was held at the Training Centre of the Regional Directorate for Agrarian De-
velopment, from 8 to 11 September 2004, on Terceira Island, the Autonomous Region of the 
Azores. It was opened with welcoming addresses by the regional entities hosting the meeting 
and by the workshop organizers, followed by a presentation of the progress reports and an 
update on future workshops. 
These were followed by scientific presentations.
Jozef Turok from Bioversity International (formerly IPGRI), Rome, Italy, gave a presentation 
on measuring and predicting genetic change in CWR species.
The joint co-coordinator of PGR Forum Workpackage 5, Brian Ford-Lloyd, from the Univer-
sity of Birmingham, UK, presented an overview of the workshop objectives, focusing specifically 
on how conservation priorities might be established for the CWRs of Europe.
Stefano Diulgheroff, from FAO, Rome, Italy, gave an overview on assessing and monitor-
ing genetic erosion of CWR and local varieties using WIEWS (World Information and Early 
Warning System on PGR).
A presentation on the political, legislative and practical aspects of in situ conservation fol-
lowing the German example in the context of genetic erosion was given by Lothar Frese, from 
the Federal Centre for Breeding Research on Cultivated Plants (BAZ) Gene Bank, Braunschweig, 
Germany.
Following the presentations, three parallel working groups held discussions:
Group 1 — Political and legal issues
Group 2 — Genetic erosion
Group 3 — Genetic pollution
The working groups’ results and recommendations were presented and discussed in 
plenary.
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Day 2
Day 2 was dedicated to practical aspects of measurement, monitoring and prediction of genetic 
erosion and pollution:
Mike Wilkinson, University of Reading, UK, discussed risk assessment and gene flow.
Nigel Maxted, PGR Forum Project Coordinator, from the University of Birmingham, 
UK, gave a presentation on the usefulness of using ecogeography and GIS to assess genetic 
erosion.
Caroline Pollock, IUCN Red List Programme in Cambridge, UK, presented the applicability 
of the change indices as indicators of genetic erosion for the Red List assessment.
François Lefèvre, Unité de Recherches Forestières Méditerranéennes, INRA, Avignon, 
France, gave a practical example, namely Genetic erosion and pollution – genetic and conservation 
consequences for Populus and other European forest species.
Lori De Hond, Universidad Politécnica de Madrid, Spain, discussed Using populations for 
monitoring and prediction.
Brian Ford-Lloyd, University of Birmingham, UK, presented the genetic tools, both molecular 
and population-based, for genetic assessment.
Jozef Turok, Bioversity, Rome, gave an introduction to the five-country GEF-funded 
project In situ conservation of crop wild relatives through enhanced information management and 
field application.
Three parallel working groups followed these presentations:
Group 1 — Monitoring at the taxonomic level
Group 2 — Monitoring at and around the population level
Group 3 — Monitoring at the gene level
The working groups’ results and recommendations were presented and discussed in 
plenary.
Day 3
The programme started with presentations of case studies from the CWR list: 
Mike Wilkinson talked about wild brassicas.
Wild forages were considered by Michael Abberton from Institute of Grassland and Envi-
ronmental Research (IGER), UK.
Åsmund Asdal from the Norwegian Crop Research Institute, Norway, shared his work 
experience with a practical example of the consequences of changes in agricultural manage-
ment practices.
Using the example of the old world cottons, Vojtech Holubec from the Research Institute 
of Crop Production, Czech Republic, presented the situation regarding genetic erosion and 
extinction threat of Gossypium species.
The presentations were followed by three parallel working group discussions on specific 
needs for the assessment and prediction of genetic erosion and pollution for CWR:
Group 1 — Agricultural
Group 2 — Horticultural
Group 3 — Forestal
The working groups’ results and recommendations were presented and discussed in 
plenary.
Damiano Avanzato, ISF, Italy, presented his work on Genetic erosion of fruit varieties and their 
recovery from historical gardens, pointing towards practical ways to halt, and even revert, genetic 
erosion.
In a session on The way forward for CWR conservation: specific proposals regarding methodologies 
and prospects, António Flor, Parque Natural das Serras d’Aire e Candeeiros (PNSAC/ICN), 
Genetic erosion and pollution assessment methodologies 3
Portugal, shared his experiences on European crop wild relative conservation criteria – In-
dicators for the CWR species’ list prioritization, after which three parallel working groups 
debated:
Group 1 — The CWR species list prioritization
Group 2 — The hierarchy of methodologies
Group 3 — Future demands/prospects/opportunities
The working groups’ results and recommendations were presented and discussed in 
plenary.
Day 4
Day 4 of the workshop was dedicated to a field trip during which the participants had the op-
portunity to visit sites of geological and ecological interest, as well as to appreciate traditional 
agricultural systems. Professor Eduardo Dias of the Department of Agrarian Sciences, University 
of Azores, led the field trip.

A global overview of assessing and 
monitoring genetic erosion of crop wild 
relatives and local varieties using WIEWS 
and other elements of the FAO Global 
System on PGR
Stefano Diulgheroff
Information Management Officer, Seed and Plant Genetic Resources Service, FAO, Rome, Italy. 
E-mail: <Stefano.Diulgheroff@fao.org>
Introduction
Plant genetic resources for food and agriculture (PGRFA) are the biological basis of world food 
security and, directly or indirectly, support the livelihoods of every person on earth. PGRFA is 
defined in Article 2 of the International Treaty on PGRFA as any genetic material of plant origin of 
actual or potential value for food and agriculture (FAO, 2001a). It consists of the diversity of genetic 
material contained in traditional varieties and modern cultivars grown by farmers, as well as in 
crop wild relatives and other wild plant species that can be used as food or as feed for domestic 
animals, fibre, clothing, shelter, wood, timber, energy, etc.
Genetic erosion can be defined as the “loss of genetic diversity, in a particular location and 
over a particular period of time, including the loss of individual genes, and the loss of particular 
combinations of genes such as those manifested in landraces or varieties. It is thus a function 
of change of genetic diversity over time.” (FAO, 2002).
Because of its potential impact, several international and intergovernmental organizations, 
fora and networks have recognized the need to assess and monitor plant genetic erosion in 
order to reverse this trend. They have set up processes, and conceptualized and developed 
methodologies. Among these are: the World Conservation Union (IUCN) Species Survival 
Commission; Convention on Biological Diversity (CBD); UNEP World Conservation Monitoring 
Centre (UNEP/WCMC); Organisation for Economic Co-operation and Development (OECD); 
European Union (EU); Bioversity International (formerly IPGRI) and FAO.
The FAO Global System on Plant Genetic Resources
The development of the FAO Global System on Plant Genetic Resources began in 1983 with 
the establishment of the Commission on Plant Genetic Resources (now the Commission on 
Genetic Resources for Food and Agriculture – CGRFA). The objectives of the Global System 
are to ensure the safe conservation, and promote the availability and sustainable use, of plant 
genetic resources, by providing a flexible framework for sharing the benefits and burdens. 
The CGRFA, with its Intergovernmental Technical Working Group on PGRFA, monitors and 
coordinates the development of the Global System.
Inter alia, three key elements of the Global System on Plant Genetic Resources are:
the Global Plan of Action for the Conservation and Sustainable Utilization of PGRFA (GPA);
the World Information and Early Warning System (WIEWS) on PGRFA; and
the Report on the State of the World's PGRFA (SOW).
The Global Plan of Action
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Germany, in 1996 (FAO, 1996), consists of an agreed framework that includes 20 priority activity 
areas addressing issues related to in situ conservation and development, ex situ conservation, 
PGRFA utilization, and institutions and capacity building.
With the entry into force of the International Treaty on Plant Genetic Resources for Food 
and Agriculture (June 2004), the GPA assumed even greater significance. Its role is acknowl-
edged in Article 14 of the International Treaty, which recognized that “the rolling Global Plan 
of Action … is important to the Treaty, [and asks] Contracting Parties [to] promote its effective 
implementation, including through national actions and, as appropriate, international coopera-
tion…” (FAO, 1996).
GPA priority activity areas
In situ conservation and development
1. Surveying and inventorying PGRFA.
2. Supporting on-farm management and improvement of PGRFA.
3. Assisting farmers in disaster situations to restore agricultural systems.
4. Promoting in situ conservation of wild crop relatives and wild plants for food production.
Ex situ conservation
5. Sustaining existing ex situ collections.
6. Regenerating threatened ex situ accessions.
7. Supporting planned and targeted collecting of PGRFA.
8. Expanding ex situ conservation activities.
Utilization of plant genetic resources
9. Expanding the characterization, evaluation and number of core collections to facilitate use.
10. Increasing genetic enhancement and base-broadening efforts.
11. Promoting sustainable agriculture through diversification of crop production and broader 
diversity in crops.
12. Promoting development and commercialization of under-utilized crops and species.
13. Supporting seed production and distribution.
14. Developing new markets for local varieties and ‘diversity-rich’ products.
Institutions and capacity building
15. Building strong national programmes.
16. Promoting networks for PGRFA.
17. Constructing comprehensive information systems for PGRFA.
18. Developing monitoring and early warning systems for loss of PGRFA.
19. Expanding and improving education and training.
20. Promoting public awareness of the value of PGRFA conservation and use.
As maintaining genetic diversity is one of GPA’s main objectives, several priority activity 
areas make either direct or indirect reference to this and promote actions to assess and reduce 
genetic erosion. In particular one, Activity Area 18, Developing monitoring and early warning 
systems for loss of PGRFA, calls for governments to “periodically review and report on the situ-
ation of plant genetic resources for food and agriculture... [and to] ... designate / re-confirm a 
focal point to convey this information to FAO, the Conference of the Parties to the Convention 
on Biological Diversity, and other appropriate bodies”.
Other priority activity areas very much related to genetic diversity and genetic erosion are 
all those under the In situ conservation and development cluster (activities 1 to 4); priority activity 
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area 6 – Regenerating threatened ex situ accessions; 11 – Promoting sustainable agriculture through 
crop production, diversification and broader diversity in crops; and 14 – Developing new markets for 
local varieties and ‘diversity-rich’ products.
Monitoring GPA implementation (1996–2003)
As part of the mandate given by the CGRFA, FAO periodically conducts assessments on the 
status of GPA implementation. This was done in 1998 through narrative country reports, and in 
2000 and 2003 using a relatively simple questionnaire addressed to officially nominated National 
Focal Points. Information gathered through these surveys contributed to drawing a dynamic, 
although rather general, picture of the status of genetic diversity. Results from some of the GPA 
priority activity areas most closely linked with the status of genetic diversity, including crop 
wild relatives (CWR) and local varieties, are briefly illustrated.
Area 1 – Surveying and inventorying PGRFA
The number of inventorying activities reported by countries has steadily increased since 1998. 
More than 1400 surveys and inventories have been carried out since 2001, of which 1079 took 
place in India alone. About 3000 species, ecotypes or populations under threat have been identi-
fied since 2001, half of them in Europe. However, due to the level of detail of the information 
requested during the survey, it is not possible to extract from this figure the amount and kind 
of threat to CWR, wild plants for food production (WPFP) or local varieties.
Area 2 – Supporting on-farm management and improvement of PGRFA
There has been a slight increase over the years in the number of projects aimed at supporting 
on-farm management of PGRFA. More than 80% of the countries reported participatory crop 
improvement as the main research activity of such projects. In Africa, 93% of reporting countries 
reported that projects in this area included, in addition, on-farm seed production, marketing 
and distribution activities.
Many countries in Europe and in Asia and the Pacific region prioritized research studies of 
on-farm management of under-utilized crops. Examples of ongoing projects include on-farm 
conservation of sorghum and cowpea in Malawi, on-farm management in Korea, utilization and 
development of an old rye variety in Austria, participative management of genetic resources 
of date palms in the Maghreb oases in Morocco, germplasm management of African leafy 
vegetables in Senegal, and in situ management and breeding of local varieties to improve the 
quality of bread maize ‘broa de milho’ in Portugal.
Area 3 – Assisting farmers in disaster situations to restore agricultural systems
As disaster situations represent one of the major causes of genetic erosion, the existence of na-
tional plans and related information systems for restoring agricultural systems contributes to 
giving a picture of measures implemented at country level to both monitor and control erosion 
of PGRFA, and particularly of local varieties.
In 2000, 32% of the countries reported having national plans in operation for assisting 
farmers in recovering or restoring germplasm following disaster situations. In 2004, this had 
increased to 46%. However, it is important to note that the changes have a strong regional 
component, since most improvements took place in Asia and the Pacific, Latin America and 
Europe.
Area 4 – Promoting in situ conservation of CWR and WPFP
Since 1998 there has been an overall, slight increase in the importance given by National Pro-
grammes to in situ conservation of CWRs and WPFPs, as shown in Table 1.
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The greater importance given by countries to this topic is also reflected in the percentage of 
countries having plans in place for the conservation and use of CWR and WPFP (Table 2). Table 
2 shows significant improvement throughout the world in the number of countries having plans 
and either “some” or “well advanced” implementation activities for the conservation and use 
of CWR and WPFP, with these activities integrated in the National Programme in most of the 
countries surveyed. However, it should be noted that, in 2003, almost one-third of the respond-
ing countries still reported a complete absence of planning and activities in this area.
Activities for identifying CWR and WPFP for in situ conservation show a significant improve-
ment over the years in all regions except the Americas (Table 3). In view of the important role 
that local communities play in PGRFA conservation and utilization, it is worth reporting that 
the overall level of local-community involvement in the identification of CWR and WPFP is 
relatively high. Interestingly, the highest frequencies of involvement (≥70%) result from Africa, 
Asia and the Pacific, and Latin America.
In terms of securing threatened CWR diversity into ex situ collections, at global level there 
is no significant variation in the number of countries that have taken measures in this regard. 
However, at regional level, significant decreases were reported in Africa and in the Near East, 
while increases were reported in Asia and the Pacific and in Latin America (Table 4).
Table 1. Priority level given to Activity Area 4 – Promoting in situ conservation of CWR and WPFP
Region 1998 2000 2003
Africa 2.3 2.3 1.8
Asia and Pacific 2.3 2.1 1.8
Near East 1.3 1.0 1.6
Europe 2.3 1.9 2.0
Latin America 2.2 1.8 1.8
North America – 2 3
World 2.2 2.0 1.9
Note: Values are averages derived from assigning priorities for countries on the basis of 1 = high priority; 2 = medium 
priority; 3 = low priority.
Table 2. Status of plans and implementation activities for conservation and use of CWR and WPFP 


























Africa   75 25 0   55 40 5   33 53 13
Asia and
Pacific
  50 44 6   31 63 6     0 91   9
Near East   43 57 0   13 88 0   14 71 14
Europe   54 38 8   25 68 7   25 58 17
Latin 
America
  67 33 0   50 50 0   50 40 10
North 
America
100   0 0 100   0 0 100   0   0
World   59 37 4   37 59 5   27 60 13
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Table 3. Percentage of countries, grouped by regions, having identified CWR and WPFP for in situ 
conservation since previous survey
Region 2000 2003
Africa 44 53
Asia + Pacific 55 71
Near East 75 83
Europe 53 75
Latin America 50 46
North America   0   0
World 52 61
Table 4. Percentage of countries, grouped by regions, having made arrangements to place threatened 
CWR diversity into ex situ collections
Region 2000 2003
Africa   63   53
Asia + Pacific   65   71
Near East   88   57
Europe   83   79
Latin America   35   50
North America 100 100
World   67   65
Area 6 – Regenerating threatened ex situ collections
Multiyear plans for regeneration were in place in almost all reporting countries in Asia and 
the Pacific, Europe and the Near East, but only in 50% of the Latin American countries and in 
60% of the African countries. The establishment of priorities for regeneration followed a similar 
pattern. Regeneration of accessions continued to be an urgent need for 70% of the reporting 
countries, and a significant decrease in their need for regeneration was reported in only 40% 
of European countries. Unless this situation is reversed, there will soon be a serious threat to 
the ex situ conservation of genetic diversity.
Area 18 – Developing monitoring and early warning systems for loss of PGRFA
Overall, country ability to monitor factors that threaten genetic diversity in situ as well as ex
situ showed a slight improvement between 1998 and 2003. About 60% of reporting countries 
declared their ability to monitor, at least partially, threats of genetic erosion of their in situ con-
servation areas, and about 70% of ex situ collections. Great regional differences were observed 
(Table 5). Country capacity to take appropriate actions against threats of genetic erosion both 
in situ and ex situ reportedly diminished in Africa and in Asia and the Pacific. Conversely, in 
Europe and in Latin America, a significant improvement in managing this issue in ex situ col-
lections was reported.
Limitations of the monitoring approach (1996–2003)
The information gathered through the surveys carried out in 2000 and 2003 has been sufficient 
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to draw a picture of progress achieved in GPA implementation and to highlight – in very general 
terms – needs and achievements.
Limits of the applied methodology include:
lack of detailed information limited the depth of analysis;
need for more quantitative information; and
need to widen the sources of information to include more stakeholders.
Missing information in the cases presented include:
the number and kind of threatened CWR, WPFP and local varieties inventoried;
which CWR species and areas were identified for in situ conservation;
the number and kind of taxa and accessions conserved ex situ, including threatened 
CWR; and
which accessions urgently need regeneration.
Table 5. Monitoring threats of genetic erosion in situ and ex situ (% of countries)
In situ Ex situ
1998 2000 2003 1998 2000 2003
Africa Yes   8 13   5   8 17 10
Partial 33 38 45 50 58 40
No 59 49 50 42 25 50
Asia and Pacific Yes 20 15   7 40 40 14
Partial 15 25 50 25 25 57
No 65 60 43 35 35 29
Near East Yes   0   0 14 13 13 14
Partial 38 50 43 25 25 43
No 62 50 43 62 62 43
Europe Yes 13 13 25 35 39 67
Partial 35 45 50 39 35 25
No 52 49 25 26 26   8
Latin America Yes   0   0 18   6   6 18
Partial 44 56 36 33 33 45
No 56 44 46 61 61 37
World Yes 10 10 16 24 26 31
Partial 33 42 45 36 37 39
No 57 48 39 40 37 30
Key to categories: Yes = threats are monitored, and action can be taken as needed; Partial = there is partial monitoring 
of threats and partial preventive action is possible; No = No mechanism for monitoring in place and no mechanism in 
place for taking action to prevent genetic erosion.
The new GPA monitoring approach
Based on the experience acquired in preparing the country reports for the FAO International 
Technical Conference in 1996, and in monitoring GPA implementation in 1998 and 2000, a new 
approach for monitoring the Plan’s implementation was proposed at the First Session of the 
Working Group, and subsequently presented to the Ninth Session of the Commission (FAO, 
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it should directly benefit National Programmes and that it should be as participatory as pos-
sible (involving national stakeholders). As recommended by the Working Group at its First 
Session (FAO, 2001b), this new approach implies a country-driven, participatory and capacity 
building process that would culminate with the establishment of national information-sharing 
mechanisms on GPA implementation.
The proposed process aims to improve the efficiency of resource utilization through a 
transparent and flexible information-sharing process able to respond to and reflect different 
and evolving national and regional needs, priorities and available resources.
More specifically, the main objectives are to:
Improve country capacity to manage information on PGRFA.
Increase visibility of ongoing efforts, as well as improving access to and sharing of informa-
tion about PGRFA at national, regional and global levels.
Promote understanding of the status and dynamic of these resources.
Allow meaningful analysis of information to identify gaps and priorities.
Improve decision-making on and planning of use of available resources.
Build stronger partnerships among stakeholders in the management of PGRFA within each 
country.
Enhance country capacity to meet international reporting commitments (e.g. CGRFA, CBD).
To facilitate the establishment and operation of national information-sharing mecha-
nisms for GPA implementation, four main components were developed by FAO with the 
collaboration of national programmes, international experts and Bioversity, and have been 
included in a tool kit made available to countries participating in the pilot testing phase. 
These components were:
a list of indicators for monitoring the implementation at country level of all priority activity 
areas of the Global Plan of Action (FAO, 2004);
a reporting format, which is a structured questionnaire based on these indicators (FAO, 
2004);
a computer application developed to facilitate and simplify recording, processing, analysis 
and sharing of the information addressed by the indicators and the questionnaire; and
guidelines for initiating and coordinating the process, including guidelines for the 
involvement of stakeholders and for establishing a national information-sharing 
mechanism.
During 2002 and part of 2003, FAO and Bioversity collaborated in the development of the 
main components of the new monitoring approach. Following this, FAO and Bioversity devel-
oped a process to be implemented in selected countries for testing the new monitoring approach 
and to establish a national information-sharing mechanism on GPA implementation.
Activities for pilot testing the new monitoring approach were initiated in 2003 and 
completed in 2004 in Ecuador, Cuba, the Czech Republic, Fiji, Ghana, Kenya and Papua 
New Guinea. During this period, the new monitoring approach was also evaluated in Ger-
many and Canada. A meeting to examine the lessons learned during the testing phase and, 
based on these experiences, to refine the indicators and reporting format was held at FAO 
Headquarters in Rome on 5–7 May 2004. Country reports, describing the process carried 
out to establish the National Information-Sharing Mechanism on the GPA and including an 
analysis of the information gathered, were made available through the World Information 
and Early Warning System on PGR (WIEWS) and the established country Web sites (see 
http://www.pgrfa.org/gpa).
Activities for implementation of the new monitoring approach then started in Bangladesh, 
Bolivia, India, Kazakhstan, Malaysia, Mali, Philippines, Sri Lanka, Tanzania, Thailand, Uz-
bekistan and Viet Nam, with activities being initiated in 6 additional countries from west Asia, 
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World Information and Early Warning System on PGR
WIEWS was established by FAO as a worldwide, dynamic mechanism to facilitate the exchange 
of information that governments provide on plant genetic resources collections and related 
technologies. It serves as an important tool, and a platform for the periodic updating of SOW 
and as the platform of the Global Monitoring Mechanism on the implementation of the Global Plan 
of Action. The Early Warning System on PGRFA, whose original specification was, according to 
Art. 7.1 (f) of the International Undertaking on PGR (FAO, 1983): ‘to warn of any hazards that 
threaten the efficient maintenance and operation of a centre [genebank], with a view to prompt 
international action to safeguard the material maintained’, is now being developed in order to 
address not only PGRFA ex situ collections but also in situ CWR and local varieties.
Report on the State of the World’s PGRFA
The First SOW was prepared for the International Technical Conference (Leipzig, 1996), which 
welcomed the Report as the first comprehensive, worldwide assessment of the state of plant 
genetic resources. The outcome of the International Technical Conference was endorsed by FAO 
Conference, and welcomed by the Conference of the Parties to CBD. An extended version of 
SOW was made available to the International Technical Conference as background material, 
and subsequently was peer-reviewed, edited and published by FAO in 1998. Chapter 1 of the 
First SOW discusses the State of Diversity, including Genetic Vulnerability and Erosion. It in-
cludes narrative examples of occurrences of genetic erosion, particularly related to loss of local 
varieties, based on reports submitted by countries.
The Commission, at its Eighth Regular Session, reaffirmed that FAO should periodically 
assess the State of the World’s PGRFA to facilitate the analysis of changing needs and gaps 
and contribute to the adjustment of the rolling GPA. It was agreed that the preparation of a 
second SOW and the amendment of the GPA would be considered by the Commission after 
the completion of the negotiations for the revision of the International Undertaking, and 
that, in the longer term, a report on the State of the World’s Agricultural Biodiversity might 
be envisaged.
A summary Report on the State of the World’s PGRFA (of similar size to the summary ver-
sion of the first report: 50–100 pages, including annexes) will be prepared and presented to the 
Commission for approval, in 2008. The Commission or its Working Group will then finalize 
this report, following a review of a complete draft of the report.
The scope and structure of the Report will be similar to the First SOW. However, in line with 
the recommendations of the Working Group, the report will:
include a comparison of the status of PGRFA, their conservation and use, and related knowl-
edge, with the status at the time of the first Report, allowing trends to be identified;
address the role of plant genetic resources in progress toward sustainable development; and
take into account the context of the framework provided by the International Treaty.
In addition, compared to the First Report, it is anticipated that the Second Report would 
contain more information on certain topics, such as country capacities in plant breeding and 
seed sector development, as well as a section on Indicators of genetic diversity, genetic erosion and 
genetic vulnerability to present the state of the art for indicator development and their use for 
genetic diversity, erosion and vulnerability assessment at various scales, including an evaluation 
of the feasibility of assessing genetic diversity and erosion at national level, including through 
application of modern molecular techniques.
In Article 17.3 of the International Treaty on PGR, a call for cooperation with the Commis-
sion in its periodic reassessment of the state of the world’s PGRFA is made to all Contracting 
Parties. As recommended by CGRFA, the new GPA monitoring approach and the preparation 
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Guidelines were drafted, for presentation to CGRFA-10 in November 2004 and discussion in 
regional meetings, and finalized in 2005 (FAO, 2005).
Conclusions and recommendations
Surveys carried out on GPA implementation have shown that some progress is being achieved 
in terms of management of agro-biodiversity by countries throughout the world. National 
Programmes' awareness of the importance of and capacity for monitoring genetic erosion has 
slightly but constantly improved, although there are huge differences in this regard among 
regions. It is scientifically and technically very difficult to measure genetic diversity and its loss 
directly. The most definitive measurement would take place at the DNA level. 
However, ex situ PGR collections commonly contain hundreds of accessions representing 
different genotypes, and they are often only a fraction of the genetic diversity present in a given 
crop. Although it is possible to study the genetic diversity of one or two genes very intensively 
across many genotypes, or to determine the entire genetic composition of one or two genotypes 
using current technologies, it is not possible to measure the genetic diversity of the entire genome 
of a very large number of genotypes. Genetic diversity and its loss therefore must be measured 
by proxy. It is therefore crucial to establish proxy measures that are relevant and as scientifi-
cally accurate as possible. Proxy indicators of genetic erosion, which take advantage of existing 
available information, including indigenous knowledge for local varieties, as well as spatial and 
temporal comparisons for CWRs, should be agreed upon and applied on a large scale.
As monitoring genetic erosion of CWR and local varieties is scientifically, technically and 
logistically difficult, and requires substantial efforts and long-term commitment, particularly 
at national level, it would be important to link such efforts to some short-term-return benefits 
that provide an element of sustainability for such considerable, if systematically applied, invest-
ment. An ideal way would be to take advantage of the information generation and gathering 
processes for monitoring genetic erosion such that they contribute to the information require-
ments of existing breeding programmes.
Existing international efforts need to be reinforced in order to provide methodologies that 
can be applied by national programmes and enable good estimations of the status and dynam-
ics of diversity.
The ongoing activities for the application of the new GPA monitoring approach and for the 
preparation of the second SOW, as well as targets agreed under the CBD, offer an excellent op-
portunity for collaboration among international organizations and national PGRFA programmes 
in order to set up realistic and sustainable mechanisms for monitoring genetic erosion.
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Introduction
The main difficulties of in situ conservation of plant genetic resources are non-biological. In 
situ conservation is a complex process, involving political, legal, economic and social factors, 
superimposed on ecological and genetic processes (after Jana, 1999). These are the reason for 
habitat degradation and losses, disappearance of species, and genetic erosion within species. 
Political decisions and the framework of laws and regulations based upon these determine 
the success or failure of expert programmes aiming at reducing the rate of biodiversity losses, 
as defined by the ‘2010 biodiversity targets’ of the Convention on Biological Diversity (CBD). 
This paper describes political and legal aspects, as well as efforts in Germany to implement in
situ conservation measures at the national level.
Political aspects
The Convention on Biological Diversity (CBD) became national law of the Federal Republic 
of Germany on 30 August 1993 (BGB, 1993). Germany has ratified the International Treaty on 
Plant Genetic Resources for Food and Agriculture (on 31 of March 2004). Both the CBD and the 
Treaty must be considered as very important political documents, which have strengthened 
continuing activities in the field of nature protection and conservation of genetic resources. 
The CBD negotiation was led by the Ministry for the Environment, Nature Conservation and 
Nuclear Safety (BMU), while responsibility for the negotiations of the Treaty rested with the 
Ministry of Consumer Protection, Food and Agriculture (BMVEL). These leading ministries 
received support from additional ministries. amongst which were the Ministry of Education 
and Research (BMBF) and the Ministry of Economic Cooperation and Development (BMZ). 
The divided responsibilities and tasks, however, create a complex situation for those institu-
tions charged with the implementation of recommendations set forth in the international 
agreements.
BMVEL, being responsible for genetic resources for food and agriculture, launched a 
framework concept and a series of expert programmes for genetic resources (Figure 1), in close 
consultation with the partner ministries concerned. The National Expert Programme for the 
Maintenance and Sustainable Use of Plant Genetic Resources of Agricultural and Horticultural 
Crops, launched by BMVEL in August 2002 (BMVEL, 2002), describes how tasks can be shared 
in the scope of maintenance and sustainable use of plant genetic resources for food and agricul-
ture. Federal and state offices, research centres, universities and associations representing the 
public and commercial sector, jointly elaborated the programme. It is the second of five expert 
programmes to be developed within the framework concept for genetic resources published 
by BMVEL in 1998 (BML, 1998). Chapter 5.1 – In situ maintenance, monitoring and develop-
ment (including on-farm management) – of the National Expert Programme for PGRFA refers 
mainly to the CBD, as well as the Global Plan of Action. It describes the current status of in situ
conservation in Germany and the measures required to improve the situation.
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Figure 1. Organization of the national programme for genetic resources. The forestry, crop, 
animal and fishes groups have already published expert programmes; the remaining group 
was in the preparatory process.
Legislative aspects
There is no national law for genetic resources for food and agriculture conservation at either 
the federal or state level. The expert programmes refer therefore to the CBD and the Interna-
tional Treaty. EU council regulations, such as 2078/92 (later 1257/99), have been useful instru-
ments, enabling the implementation of the recommendations of the CBD (MRLU, 1997). The 
evaluators of council regulation 2078/92 stated in 1998 that ‘extraordinary positive results 
were achieved in particular in the field of nature protection, landscape care and maintenance’ 
(Report GD VI, VI/7555/98). Amongst others, council regulation 2078/92 allowed support 
for farmers (ECU 250/ha) for the cultivation and propagation of useful plants adapted to lo-
cal conditions and threatened by genetic erosion. However, in Germany, this regulation was 
barely employed in the states (Länder) (Breitbarth, 1996), and in the EU Commission’s report on 
council regulation 2078/92, positive effects were reported by Germany only in the field of ‘in
situ conservation’ of rare farm animal races and for Streuobst (orchards undersown with crops 
or managed grassland – agroforestry) fruit tree cultivation. In 2003, BMVEL failed to launch 
a national regulation for the promotion of rare native crops and farm animals on the basis of 
council regulation 1257/99, due to lack of support by the states. One important argument of a 
state representative was that the transaction costs (i.e. costs arising from the local administra-
tion of EU co-funded measures) required to implement this regulation at the regional level 
were too high. These costs would have burdened the state’s economy and the effects in terms 
of ‘amount of safeguarded genetic diversity’ would have been hard to demonstrate in the case 
of crops and crop wild relatives (CWRs).
Agro-environmental measures became an obligatory part of the European Union’s ‘Agenda 
2000’ (see http://europa.eu.int/comm/agenda2000/index_en.htm) and are funded on the legal 
basis of Chapter VI of Council Regulation 1257/99. Agenda 2000 will result in a segregation of 
agriculture into productive fields in favourable areas, and fallow land in less productive areas 
that needs to be managed to avoid natural succession resulting in reforestation. In less productive 
areas, the farmers’ interests coincide with the interests of nature conservationists. Farmers in 
these regions welcome agro-environmental measures as a new source of income, while farmers 
and their associations in highly productive areas massively oppose legal and political support 
in this way. Regulations such as 1257/99 can be expected to result in a patchwork of measures 
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that do not really fulfil the ecological aims of nature conservation. Hence, landscape planners 
assess the effects of agro-environmental measures in Germany more sceptically (Böhme and 
Bunzel, 2003) than the European Commission did for the EU as a whole. According to Böhme 
and Bunzel’s (2003) analysis, agro-environmental measures are not suited to direct funding to 
regions according to ecological criteria – in our case, areas harbouring populations of CWRs 
that should be managed in genetic reserves. Indeed, the funds have been distributed with a 
bias, as was noted by Osterburg (1999). Farmers in marginal areas used agro-environmental 
programmes more frequently for the extensification of pastureland and for set-aside measures 
than farmers in the more productive regions. CWRs, however, occur not only in, and are not 
adapted only to, marginal areas but can also be encountered in highly productive areas. Popu-
lation adaptation to highly productive areas could even be of particular value to breeding. If 
such populations are not protected effectively, they will suffer from genetic erosion.
The Flora Fauna Habitat EU Regulation 93/43/EWG (FFH) and the German Federal 
Nature Protection Law (BNatSchG), amended in 2002, are probably more powerful instru-
ments, as they are less dependent on erratic economic decisions of farming enterprises, which 
can accept or reject compensation from agro-environmental programmes. Chapter 4 of the 
BNatSchG – Protection, Maintenance and Development of Particular Parts of Nature and 
Landscape – defines legally binding protection categories, ranging from Nature Protection 
Areas to Nature Monuments (in the extreme case, a single old tree harbouring a rare insect 
species). The FFH guideline obliges Germany to establish protected areas, which can be part 
of the Natura 2000 network (CEC, no date). Such areas can be located in marginal as well as 
in highly productive areas.
The responsibilities and tasks are shared not only by two lead ministries but also by the 
states, which makes the legal framework even more complex. The Federal Government has 
the concurrent legislative power for ‘goods’ such as soil, waste, air and noise, according to our 
constitutional law (Art. 74 GG), but a only guiding competence for nature, landscape and water 
protection. The whole legal framework, however, does not reflect the ecological realities. The 
environment does not consist of independent and separate elements; it is rather a complex system 
with complex interactions between the elements. The sectoral and horizontal fragmentation of 
competencies not only hinders an efficient implementation of EU regulations at the national 
level, but also weakens the BNatSchG. The implementation of the EU Water Framework Direc-
tive triggers 33 German legal instruments! Discrepancies and errors are inevitable (Hendrischke, 
2004). Nature conservationists had hoped that the negotiation between the federal and state 
levels would result in a comprehensive and integrative federal competence for all environmental 
goods. Hendrischke (2004) stressed that it is not at all intended to withdraw competence from 
the states where needed to plan and implement measures. In particular, in the field of nature 
conservation, the states will continue to play a substantial role. The competence for measures 
must stay with the states and the regions where the problems arise and where the expertise to 
solve them is available. Hence, the states will keep the authority to adopt sub-statutory laws and 
for planning in their regions independent of the outcome of the future modernization discussion 
(Hendrischke, 2004). The importance of the recent political discussion on the modernization 
of the federal regulatory structures was stressed by the German Minister for the Environment, 
Nature Conservation and Nuclear Safety, Jürgen Trittin, in an interview on 20 August 2004. 
Unfortunately, the negotiations between the federal and state representatives ended without 
positive results and had still to resumed at the time of writing.
Practical aspects
As long as the current political and legislative situation remains as it is, good coordination of 
the practical work may counterbalance these shortcomings. BMVEL has therefore established 
a Consultation and Coordination Committee to promote the implementation of the National 
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Expert Programme for PGRFA. This Committee is currently assisted by two expert groups, 
one dealing with in situ and on-farm management aspects, and the other with ECP/GR mat-
ters (Figure 1). One of the first activities of the Consultation and Coordination Committee 
was to prioritize an extensive list of recommended actions described in the National Expert 
Programme for PGRFA. A significant part of the work would be carried out by those institu-
tions that contributed to the development of the programme. There was a chance that work 
currently carried out using the limited institutional core budgets could be reinforced through 
a new national guideline called ‘Biological Diversity for Innovation in Food, Agriculture 
and Forestry (including Fishery)’ with a likely budget of € 5 million in 2005 and € 7 million 
in 2006. A prominent goal of the various model and demonstration projects funded through 
the new guideline is to gain additional expertise that can be used to outline a master plan 
for in situ management in Germany, following the example of the national plan for in situ
conservation in Turkey (Tan and Tan, 2002). The problems to be solved have already started 
to receive attention.
Chapter 5.1.1 – Recording and inventory of PGR – of the National Expert Programme for 
Plant Genetic Resources describes the following needs in relation to CWRs:
Review and update of the list of PGRFA, first published in 1996, as a basis of further actions.
Inventory and assessment of PGRFA populations and their management requirements, 
using existing mapping data.
Determination of areas relevant for the protection of PGRFA.
Investigations into the intraspecific diversity of selected PGRFA, using model species and 
wild species of high priority.
Compilation of a Red List for PGRFA, encompassing wild species and crops, with develop-
ment and testing of instruments suited to gather, document and integrate existing data in 
the Federal Information System for Genetic Resources.
Alignment and coordination with nature protection programmes.
Chapter 5.1.2 – Promotion of in situ maintenance of crop wild relatives and wild plants 
relevant for nutrition – lists a number of actions, including:
Collection and analysis of existing data on biology and ecology, as well as collection of data 
on genetic diversity of PGRFA species of high priority, beyond those already contained in 
the Federal Information System for Genetic Resources.
Secondary evaluation of selected, diverse populations of priority species.
Examination of the impact of existing management and development measures on intraspe-
cific diversity of species occurring in the region.
Development of criteria suitable for selection and organization of protected areas for in
situ maintenance of PGRFA, and eventually for coordination at the European level, and for 
classification of specific protected areas.
Investigation of the interactions between management regimes and occurrence of PGRFA 
species in pastures in use.
Protection of species in their typical plant sociological associations at the natural site outside 
of protected areas in their typical association.
High priority was given to the development of an inventory of PGRFA species either 
naturally occurring in Germany or used in Germany (the first point above). The PGRFA list, 
version as of 8 September 2003, contained 1770 taxa and was compiled using the so-called 
‘Schlosser list’ of 1055 taxa, the flora database (www.floraweb.de) of the Federal Office of 
Nature Protection (BFN), databases on plant genetic (PGRDEU) and forest genetic (FGRDEU) 
resources developed by ZADI, as well as a publication on 1500 edible plants of Central Europe. 
The different sources are currently aligned. In September 2003, the expert group for in situ
and on-farm management voted for a wide definition of PGRFA, arguing that the difference 
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since (i) species may have many unknown beneficial functions (life support systems), and 
(ii) biotechnology – in principle – can utilize any gene pool for crop improvement in future. 
A revised, updated list would probably comprise about 3000 taxa. This list is considered to 
be the backbone of the National Expert Programme for PGRFA. It will serve as a basis for 
discussions and agreements on sharing of responsibility for in situ management of crop wild 
relatives between BMU and BMVEL. However, one must remain realistic. Active manage-
ment of all taxa is beyond the capacity of any state institution, even if capacities are focused 
on endangered taxa only. The flora list of the state of Lower Saxony alone, published in 2004 
(Garve, 2004) encompasses 2022 taxa, of which approximately 16% fall into one of the Red 
List threat categories as well as the PGRFA list. Hence, we need a combination of geographi-
cal- and population-specific approaches.
All the sixteen states have collected and digitized species inventory data and have mapped 
the FFH areas and habitats, with high precision. These obligatory measures have been accom-
plished by the work of three thousand, mainly unpaid, experts recording and monitoring plant 
species in selected areas of the Federal Republic of Germany each year. This work is guided and 
organized by regional nature protection offices of the sixteen states. In Lower Saxony, trained 
volunteers record the data according to a technical guideline based on Lower Saxony’s nature 
protection law (§28 NnatG). The data are uploaded by the regional office into the central infor-
mation system ‘FloraWeb’ designed and operated by BFN, Bonn. At the time of writing, this 
database had received 14 million records since 1990, and its operation is guided by a group 
called the Central Office for Phytodiversity Germany. The data can be accessed online via 
www.floraweb.de. The information system was to be extended by a database called BIOPOP, 
which was expected to come online in 2005 (BIOPOP, 2003; Poschlod et al., 2003). BIOPOP 
currently compiles data on ecological and life history traits of 4722 plant species and 60 traits, 
and held 104 584 items of information at the time of writing. The purpose of this database is to 
provide scientists with information allowing a more accurate assessment of the threat status 
for a plant species and to allow the prediction of probable reactions of a species to different 
management regimes. This database is expected to become a useful instrument, not only for 
managers of in situ conservation projects.
Implementation of in situ management currently follows two approaches: a general approach 
based on the ‘phytobiodiversity hot spot’ concept, coupled with more specific investigations 
on aspects of genetic reserve design, establishment, management and monitoring using model 
species. The databases and geographical information system (GIS) tools required to identify 
phytobiodiversity hot spots exist at BFN, Bonn, and at the Leibniz Centre for Agricultural 
Landscape and Land Use Research (ZALF), Müncheberg. A feasibility study has shown that 
it is not only possible to describe areas with a higher density of categories of CWRs (for ex-
ample oil CWRs), but the system is also capable of visualizing past and current distribution 
sites (actually, in most cases, the grid squares in which they have been observed between 1950 
and today) of individual species. The loss of former sites since 1950 is interpreted as genetic 
erosion within a species.
Both institutions have already shown that it is in principle possible to match the distribution 
maps of protected areas with the region of highest phytobiodiversity. The overlapping areas 
would be those suited to run in situ management projects for several species simultaneously, 
and probably in a cost effective manner. However, it is important to remember that the agri-
cultural sector can request the environmental sector to run such projects in protected areas, 
but there is no legal obligation to do so. Based on current laws, a subordinate nature protection 
office can reject proposals for purposeful population reinforcement measures, or can decide 
to plant Streuobst fruit trees, a measure that is highly appreciated by the public and nature 
conservationists interested in bird and insect protection, in the vicinity of Malus sylvestris (L.) 
Mill. populations.
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As there is neither a framework programme nor earmarked funds available for long-term in 
situ management measures, model studies are undertaken for the time being. A pilot study on crop 
wild relatives (Valerianella locusta (L.) Laterr.; Carum carvi L.; Humulus lupulus L.) was conducted 
by the University of Bonn between 1996 and 1999 to provide a scientific basis for in situ manage-
ment of genetic resources. It was shown that Valerianella locusta could be maintained through the 
so-called field margin programme (Forwick et al., 2003). Another project investigated the concept 
of field flora reserves, combining the reproduction and production of obsolete cereal varieties with 
the protection of the associated wild flora (Illig and Kläge, 1995). The project ended and the area 
was lost, as were several of the 25 pasture sites identified as genetic reserves for autochthonous 
Lolium perenne L. populations (Oetmann-Mennen, 1995). In the L. perenne case, arguments for 
specific protection measures had already been published by Paul (1986).
Excellent biodiversity expert programmes at the state level exist in the state of Brandenburg 
(LAGS, 1999) and Saxony-Anhalt (MRLU, 1997), to mention just two, which stress the need for 
in situ conservation. It is actually difficult to understand why public funds are committed and 
persons engaged in projects with the right goals but with no clear perspective for continued 
long-term support. There is a massive gap between the recognition of global issues such as the 
need for in situ management programmes on the one hand, and the ability of governments to 
fully develop such programmes on the other (after Maunder, 1994, cited by Ibisch et al., 1996). 
These authors concluded rightly: ‘We do not need new ideas, we need to implement the old 
ones.’ But the question is: How?
Improved cooperation amongst those involved can certainly further in situ conservation. A 
very substantial amount of excellent work has been performed in the last decades, in particular by 
nature conservationists, but it remains piecemeal as long as the institutions engaged in this field 
remain isolated and do not integrate their knowledge, data, facilities and capacities. A subordinated 
– but nevertheless important – aim of the studies on model species, which the Consultation and 
Coordination Committee wishes to fund, will be to analyse these organizational constraints.
A list of model species was debated by a group of experts of the Federal Centre for Breed-
ing Research on Cultivated Plants (BAZ). The chapter ‘Selection of target taxa’ (Maxted and 
Hawkes, 1997) provided the decision criteria shown in Table 1. The team applied a simple deci-
sion system consisting of scores and weights for criteria. The calculated values shown in the last 
column were used for ranking. It is not so important whether they scored or weighted correctly, 
rather it is the discussion process itself, which helped to identify species-specific problems and 
major aims of studies. The highest priority was Vitis vinifera subsp. sylvestris (C.C. Gmel.) Hegi, 
a species that is highly threatened in the peripheral distribution area, and at the same time a 
significant PGRFA for German wine grape breeders. The project must focus on an inventory 
of the remaining population fragments, the collection of seeds to prepare reinforcement meas-
ures, the investigation of historical and new sites to assess their suitability for reinforcement 
or re-establishment measures, and, last but not least, the forest officers responsible for the site 
have to be sensitized for a Vitis-specific problem, namely tree logging, which is an important 
cause of genetic erosion (Schumann, 1996). Malus sylvestris is in the second position. It seems 
to be endangered in some states of the Federal Republic, but it is not clear whether the points 
on the FloraWeb maps represent true wild apples or crop × wild introgressions. There was a 
controversial discussion on Lolium perenne, not only in this group. The species is very evenly and 
widely spread in Germany and if the sheer number of populations is taken as the only criterion 
the species is not at all endangered. Our concern, however, is that most of the native, natural 
populations were displaced by modern cultivars in intensive pasture and meadow systems, and 
by genetic pollution. This, and two pragmatic arguments (earlier investigations provide a good 
scientific basis, knowledge and capacity in research institutions, as well as a strong commercial 
interest in the crop), pushed the species to position 3. As the first three species represent a single 
major ecosystem that is only half natural, Beta vulgaris (L.) subsp. maritima Arcangeli (natural 
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ecosystem), Avena strigosa Schreb. (representing a self-pollinating species) and Vicia villosa Roth 
(insect pollinated), representing species of the agroecosytem, were kept on the list.
How could an in situ management project be organized and brought into reality? Beta vulgaris 
subsp. maritima can be used as a simple example. The exact locations of the species popula-
tions were determined by Drießen (2003). One site is north of the Natura 2000 area P1532-325, 
which was established to protect Bombina bombina L., the fire-bellied toad. If good biological 
or agronomic reasons can be found to justify population management measures for B. vulgaris 
subsp. maritima, the most difficult task will probably be to enforce a management plan that 
might conflict with recreation activities at this particular growing site. As was described for 
area 1532-325, the  decision to protect an area is to be taken by the Cabinet of the Government 
of the State of Schleswig-Holstein, hence even a management plan is part of a political decision 
based on European, national and regional laws. However, it would be very counterproductive if 
the local communities were not involved in the decision-making process. Where governmental 
agencies are perceived by the local communities to be the major players, resistance against nature 
protection is readily generated. Independent of the scientific quality of a decision, governmental 
actions are always interpreted as a limitation of civil freedoms. Right from the beginning of 
the process, the people living in the area need to be involved, as Breitschuh and Feige (2004) 
recommended in their paper on management guidelines for nature protection projects.















































































































































































-3 1 3 3 1 3 1 1 -1   3 1
Lolium perenne -3 2 3 1 3 3 1 1 -3   2 1
Malus sylvestris -3 2 3 2 3 3 1 3 -1   3 3
Vitis vinifera 
subsp. sylvestris
-1 3 3 3 3 3 1 3 -2   3 3
Vicia villosa -2 1 1 1 3 1 1 1 -2   2 2
Avena fatua -2 1 3 2 3 3 0 1 -2   2 1
Weight    3 3 3 3 3 2 3 1    3   4 1 sum rank
Beta vulgaris
subsp. maritima
-9 3 9 9 3 6 3 1 -3 12 1 35 3
Lolium perenne -9 6 9 3 9 6 3 1 -9   8 1 28 4
Malus sylvestris -9 6 9 6 9 6 3 3 -3 12 3 45 2
Vitis sylvestris -3 9 9 9 9 6 3 3 -6 12 3 54 1
Vicia villosa -6 3 3 3 9 2 3 1 -9   8 2 19 5
Avena fatua -6 3 9 6 9 6 0 1 -9   8 1 28 4
Notes: 1= low, 2= medium, 3= high score or weight. Criterion 2: Responsibility of Germany for in situ management of Beta vulgaris
subsp. maritima is considered to be low (score 1). The diversity centre of this species is located in the Mediterranean basin and it is not 
listed as an endangered species. The value for Malus sylvestris is 2 (= medium). The species has a significant distribution in Germany 
and is listed by some Länder as threatened. Vitis vinifera subsp. sylvestris is highly endangered in its peripheral distribution area, which 
is known to harbour traits important for breeding, hence score 3. For calculation reasons the scores of criteria 1 and 9 are negative.
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Summary
The need for nature protection, including in situ conservation of CWRs, has been acknowledged 
as a major governmental task.
European, national and regional laws provide a basis for in situ management measures that 
can be integrated into existing nature protection programmes.
A National Expert Programme for Plant Genetic Resources for Food and Agriculture exists, 
which is guided by a consultation and coordination committee.
The key to success in nature conservation, including in situ management of PGRFA, is an 
improved legal basis. A specific law for genetic resources, however, does not exist. In order to 
achieve the desired practical goals, there is a need to close the gap between the political recog-
nition of the importance of genetic resources and the clearly expressed political will.
German institutions have data, knowledge, tools, facilities and capacities, and areas where 
all this can be deployed. A master plan for in situ conservation is required, with clearly defined 
aims, responsibilities and funding mechanisms.
Looking back on more than a decade of discussion and research on in situ management 
aspects, it must be stated that our main problem is not a lack of knowledge and ideas. It is the 
implementation process that lags. In the meantime, genetic erosion is progressing and new 
aims like Target 2010 are announced.
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Summary
Genetic exchange between crops and their wild relatives by introgressive hybridization has 
been a reality ever since the birth of agriculture. The significance of such gene flow has received 
little interest, however, until the advent of molecular biotechnology and the emergence of 
genetically modified (GM) crops. In principle, the scope for the transfer of certain, completely 
novel transgenes from GM crops into wild relatives means that there is an increased capacity 
for rapid jumps in the adaptation profile of the recipient. This capacity carries risks for the 
genetic integrity and evolutionary survival of the wild species, and of the survival of other 
species with which it coexists. In evaluating such potential problems, one must first define the 
unwanted outcomes (hazards) as clearly as possible, and then measure the likelihood of their 
occurrence (exposure), so that an assessment of risk can be compiled (Risk = hazard × expo-
sure). In measuring risks in this way, it is important to consider the management of the crop, 
the ecology, demography and population genetics of the wild species, the number, nature and 
location of the transgene(s), and the extent of introgression within the natural setting. Crucially, 
these assessments should be made against comparable risks posed by non-GM cultivars of the 
same crop (i.e. baseline data) so that judgements can be made concerning the significance of 
any change envisaged. Here, the primary strategies employed in compiling a risk assessment 
for gene flow from a GM crop to a wild crop relative are outlined.
Background
Spontaneous hybridization between crops and wild relatives is neither new nor unusual, and 
has been reported for almost all food crops over at least part of their cultivated range (Ellstrand 
et al., 1999; Scheffler and Dale, 1995; Stace, 1975). It was not until the advent of genetically modi-
fied (GM) crops, however, that interest developed in the possible ecological or evolutionary 
consequences of genetic exchange between a crop and its wild relatives. Over the last decade 
or so, these concerns have spawned a weighty literature focused on identifying, estimating 
or measuring the extent of gene movement, and on trying to develop protocols to predict the 
most probable ecological outcomes.
Current state of GM technology
The area of land assigned to the commercial production of GM crops has grown steadily since 
the initial release in 1996, and currently stands at over 80 million hectares globally, an increase of 
20% on that grown in 2003 (James, 2004). Over a similar timeframe, advances in the technology 
have been such that effective transformation systems are now in place for all major and most 
minor food crops. Nevertheless, exploitation of the technology has been markedly skewed, with 
just four countries accounting for most of the land area under GM crop cultivation (Argentina, 
Canada, China and USA), four GM crops dominating (maize, cotton, soya and oilseed rape) 
and two types of trait (herbicide tolerance and Bt-mediated insect resistance) still accounting 
for almost all commercial constructs (James, 2004). It seems unlikely that this simplified profile 
will continue for long, or even into the foreseeable future, given the increased willingness of 
additional countries to sanction the commercialization of transgenic material. Furthermore, 
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recent trends towards producing new GM lines that contain multiple inserts (Wilkinson et al.,
2003a) and the development of transgenes that confer new traits (Dunwell, 2002) mean that 
regulation will need to become increasingly sophisticated to accommodate the new set of po-
tential hazards that such diversification brings (Raybould and Wilkinson, 2005). 
The future of environmental risk assessment of GM crops
There is currently no globally accepted procedure for the handling of GM cultivars or for 
their regulation. However, there is broad consensus on the desire to assess each new sub-
mission separately on a ‘case-by-case’ basis. In most countries that permit the cultivation of 
GM crops, permission for commercialization of a GM line invariably requires provision of 
extensive data sets relating to the crop, the transgene and the likelihood of gene flow to wild 
relatives. It is open to question whether such an exhaustive approach will remain tenable 
indefinitely. Moreover, as the number of crop-GM cultivar-transgene-transgene mixture-
location combinations grows and as the number of new submissions also increases, so will 
the pressure on the various regulatory systems to become more streamlined and to focus 
increasingly on outcomes that are most undesirable or most likely, or a combination. Under 
these circumstances, the pressure to adopt more generic approaches to risk assessment may 
become irresistible (Wilkinson et al., 2003a).
Gene flow from non-GM crops
Whilst there are certain aspects of the transgenes that make GM crops a special case when con-
sidering the consequences of gene flow (e.g. the fact that the transgene often originates from 
very distantly related organisms or can even be synthetic), there are some environmental issues 
that apply equally to gene flow from conventional (i.e. non-GM) crops and wild relatives. For 
instance, extensive introgression from a conventional crop could theoretically compromise the 
genetic integrity of a rare wild relative. It is also plausible that gene transfer from a conven-
tional crop could provide a weedy relative with a new source of herbicide tolerance or insect 
resistance that had been introduced into the crop from another species. Indeed, the transfer of 
any gene from a crop that has the capacity to enhance fitness of a wild relative in its existing 
habitat or else enable it to occupy a new habitat has the potential to cause unwanted ecological 
change. There are subtle differences in the way that assessment of risk from conventional and 
GM crops should be handled. For example, in GM cultivars, attention focuses on the transgenes, 
where extensive information is generally available on gene function and (sometimes) on gene 
position. In conventional cultivars (especially those in which exotic germplasm have featured 
in their pedigrees), the identity of the gene or genes responsible for the trait of concern is usu-
ally unknown. Indeed, even the traits most likely to cause problems after introgression into 
a relative may themselves be undefined. In spite of such differences, however, the principles 
underlying the process of predicting the ecological outcome of gene flow remain constant and 
is outlined below.
Terminology of risk assessment
There are three terms that must be considered when performing any biological risk assessment: 
Hazard, Exposure and Risk. The use of these terms has a strict meaning in a risk assessment 
context and they must not be used interchangeably. Hazard refers to the adverse effect or un-
wanted ecological outcome. Ideally, this should be specified as explicitly as possible if the risk 
assessment is to have value in decision-making. Exposure refers to the extent of contact with 
the agent or process that may cause the unwanted event (hazard) to occur. In toxicology, this 
might refer to the exposure of a subject to a chemical agent, but in the context of gene flow 
it generally refers to several processes relating to gene transfer and their knock-on effects. To 
Risk assessment and gene flow 27
paraphrase, exposure is a measure of how likely it is that the unwanted event will occur. Risk 
represents a consideration of both the magnitude of the unwanted event (i.e. the hazard) and the 
likelihood that it will occur (exposure). Thus, Risk is a function of both Hazard and Exposure, 
and can be represented as follows:
    Risk = f (Hazard, Exposure)
or sometimes:  Risk = Hazard × Exposure
When performing a risk assessment of gene flow between crop and wild relative, we need 
to define all plausible Hazard(s) and to quantify the Exposure for each of these Hazards. The 
first element of this task is the definition of hazards.
Defining hazards relating to gene flow from crops
There are generally several possible unwanted ecological outcomes that require assessment from 
any particular GM cultivar whenever a cross-compatible wild relative is present. For instance, 
passage of a transgene conferring insect resistance might reasonably be expected to increase the 
chances that a cross-compatible relative may become more abundant (i.e. from the release from 
herbivore pressure). It is equally possible that the presence of resistance against one group of 
insects (e.g. Lepidopteran species) may change the balance of herbivores, predators and para-
sites within the community. The number of possible outcomes when one considers all exotic 
genes introduced into a non-GM crop is far larger and more difficult to specify. Nevertheless, it 
is possible to classify all hazards into two broad categories: Direct and Indirect. Direct hazards 
relate to the recipient itself and could include increased (or decreased) population size of the 
wild relative within its existing habitat, its invasion of a new habitat after acquisition of the 
crop gene(s) or a genetic sweep causing reduced allelic diversity in genes located around the 
transferred crop gene(s). Indirect hazards relate to the impact introgressed crop wild relatives 
(CWRs) have on other plants or animals that interact with the recipient species. These could 
include decline in sympatric plant species (through interspecific competition), or changes in 
the abundance of pollinators, herbivores or predators. It is therefore important to note that the 
species affected in a negative way (known as the assessment endpoint species) may not be the 
CWR itself. Thus, the first element of a risk assessment relies on assembling a set of feasible 
specifically defined hazards that have ecological, social or evolutionary importance to the 
relative itself and others with which it associates. These hazards should then be ranked, and 
priority given to those hazards deemed to be both likely and important.
Assessment of exposure
Whilst measurement of exposure to a chemical agent is a relatively simple task, ecological expo-
sure to the effects of gene flow from a crop to a CWR is far more problematic to estimate. This is 
because the route to ecological harm (Hazard realization) is reliant upon a pathway or matrix of 
intermediate events. For instance, Figure 1 illustrates a hypothetical pathway of linked events 
through which movement of an insect resistance transgene from a GM crop could lead to the 
local extinction of a specialist parasitoid. In reality, of course, there are usually several possible 
hazards that could result from gene flow from a GM (or conventional) crop to a CWR. If a risk 
assessment is to account for all of these (or at least all deemed important or relevant), then the 
exposure pathways of several hazards coalesce to form a matrix in which the early stages are 
shared, but later elements are gene or hazard specific. Estimates of the shared early stages ap-
ply to all (or at least most) hazards and so have generic value for most risk assessments. These 
elements of exposure can therefore be evaluated before prioritization of the hazards identified 
since they will invariably be important as long as there is one hazard considered to be significant. 
In contrast, the later elements may relate only to one particular hazard or gene and so may not 
be evaluated unless the hazard is regarded as a high priority (Figure 2).
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GM crop
Ú
F1 hybrid in region
Ú
Transgene stabilizes by introgression
Ú
Transgene spreads to most populations
Ú
Enhanced resistance to herbivore depresses herbivore numbers
Ú
Depressed herbivore numbers cause extinction of specialist parasitoid of the herbivore
Figure 1. Hypothetical exposure pathway. Sequence of events by which gene flow of a transgene 
conferring insect resistance could lead to local extinction of a specialist parasitoid.
GM crop
F1 hybrid in region
Transgene stabilizes by introgression






to one to few 
genes)
= hazard
Figure 2. Hypothetical exposure matrix for a crop-recipient-location combination. Note that 
early elements (Generic: F1 hybrid formation, introgression and gene spread) are common 
elements to all specified hazards. Later elements (specific) relate to one or two hazards.
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The process of risk assessment
The process of assessing risk involves the consideration of all contributing elements in order to 
enable the decision-making process. In the case of GM cultivars, this information may be used to 
decide whether to grant permission for commercial cultivation or else to recommend measures to 
minimize risk (risk management). There are essentially three elements that need to be combined 
to perform a risk assessment and it is preferable to assess these in the following order:
1. Specify and rank hazards.
2. Quantify generic aspects of exposure.
3. Evaluate transgene or cultivar-specific exposure aspects.
1. Specify and rank hazards
There are four tasks to be completed before hazards relating to a particular crop-location com-
bination can be ranked:
identify cross-compatible relatives;
rank relatives crudely on gross exposure (sympatry, ease of hybridization);
specify direct hazards (relating to a CWR); and
specify indirect hazards (relating to sympatric organisms).
This process can be usefully illustrated using wheat in the USA as a case study.
Identify and rank cross-compatible relatives (first and second tasks)
Breadwheat (Triticum aestivum L.) belongs to the tribe Triticeae. This tribe contains around 
330 species and 18 genera and shows an exceptional capacity for intergeneric hybridization. 
Breeders have used the gene pool concept to define ease of hybridization between wheat and 
its relatives. Gene pool 1 includes wild species that cross readily with breadwheat and consists 
entirely of species within Triticum (e.g. Triticum monococcum L., T. urartu, T. turgidum L. and 
T. timopheevii). None of these species resides within the USA and so all can be discounted from 
further consideration. Gene pool 2 includes species that cross with wheat, but only with some 
difficulty, with the hybrids showing a tendency towards sterility. There are several introduced 
species within the USA that fall into this category. Gene pool 3 consists of species with which 
hybridization is only possible through the use of radical techniques, such as embryo rescue. 
Here, no spontaneous hybrids have been reported in the wild and so all of these species can 
be discarded from further consideration. There are five Gene pool 2 species that grow in the 
USA: Aegilops triuncialis L., A. geniculata Roth, A. tauschii Coss., A. neglecta Req. ex Bertool., and 
A. cylindrica Host. However, when one compares the distribution of cultivated breadwheat with 
that of four of these species, all appear to be largely allopatric, suggesting only limited scope 
for gene flow. In contrast, however, A. cylindrica commonly occurs as a weed of wheat and is 
sympatric over most of its range. Thus, A. cylindrica ranks as the relative of greatest concern.
Specify direct and indirect hazards (third and fourth tasks)
To a large extent, this would depend on the transgene or crop trait being considered. An example 
of a direct hazard (relating to the CWR) would be that a transgene conferring herbicide toler-
ance would allow the CWR to escape from agronomic control and so become a more pernicious 
weed. An example of indirect hazard (relating to another, non-CWR species) would be that 
rapid assimilation of tolerance to a particular herbicide targeted by the transgene will lead to 
a change in herbicide use that in turn leads to a decline in a non-target plant species or animal 
species (e.g. through loss of food plant).
For any crop–wild relative combination, there will be many possible but fewer probable 
hazards that might arise as a result of gene flow from the crop. Given that comprehensive assess-
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hazards that have been identified. The rankings generated will inevitably involve an element 
of subjectivity and will depend heavily on the relative importance that assessors or regulators 
place on factors such as the scarcity of the end point species (e.g. is the affected species IUCN 
red-listed?), its cultural importance (e.g. bald eagle in the USA has high social importance), its 
economic importance (e.g. is it a commercially important weed?), or its agronomic or medicinal 
importance (e.g. many CWRs have agronomic value in their own right or have value as a source 
of resistance genes). Interestingly, emphases are likely to change between countries and may 
vary within a country over time. For this reason, the set of criteria used to compile a ranking 
– and therefore the rankings themselves – will also vary. In this context, the resultant risk as-
sessment will reflect the wishes of the regulator at the time and place when the assessment is 
performed. Nevertheless, risk assessments may also be performed in which priorities are fixed 
and specific (e.g. risk assessment for the protection of the genetic diversity of CWRs or for the 
conservation of endangered species).
2. Quantify generic aspects of exposure
Having selected the CWR(s) and hazards of greatest concern for a particular region, the next 
stage is to assess the early (i.e. generic) elements of exposure. There are three generic exposure 





It is helpful to assess each in the order in which they occur, since it can be reasonably ar-
gued that there is no point in assessing the likelihood of introgression if no hybrids form, or to 
quantify secondary spread if the hybrids are sterile and unable to produce stable introgressants. 
Each element is discussed below in turn.
Initial hybrid formation
Whilst useful information on the frequency of hybrid formation can sometimes be obtained 
directly from field trials, it is important to remember external factors that can influence hybrid 
frequency in the natural or agricultural setting. It is certainly important to define the context of 
contact between crop and its wild relative. Weedy wild relatives will usually come into frequent 
and intimate contact with the crop and so will usually be more likely to form large numbers 
of hybrids than relatives occupying wild habitats. Among the latter, it should be noted that 
some habitats (woodlands, hedgerows, riverbanks and even sea cliffs) are often adjacent to 
arable land whereas others (alpine, salt marshes, heaths, desert, etc.) are more likely to have 
significant physical isolation from the crop. Cognisance should also be taken of the regional 
distribution of the crop and the CWR. There are several approaches that can be employed to 
access relevant information on distribution, including literature and direct surveys, herbarium 
screens (Wilkinson et al., 2003b) and even remote sensing (Elliott et al., 2004).
Having established the range and context of contact between crop and the CWR, it is desirable 
to assess the rate of hybridization under conditions that reflect those encountered in the natural 
environment. For this, it is vital to consider the relative sizes of the donor fields and recipient 
populations, and of crop rotation patterns and common agronomic practices (particularly for 
weeds), since these can profoundly influence hybrid frequency. Once appropriate settings have 
been established to describe field conditions, attention then turns towards estimating gene flow 
under these circumstances. Perhaps the simplest empirical approach to estimating gene flow 
is to collect seed of the recipient CWR and screen for the abundance of hybrid seeds. This is 
relatively easy to perform provided that there is an effective means of screening large numbers 
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Wilkinson, 1998; Andersen et al., 2005). Confirmation of hybrid identity generally requires 
application of molecular markers and/or tests for the presence of the transgene (e.g. ELISA). 
Nevertheless, critical limitations lie in the basic assumptions that the dormancy of the hybrid 
seed is the same as that of the wild relative, and that hybrids and wild relative seedlings are 
equally able to establish themselves in the natural habitat. Another confounding factor relates 
to the rotation pattern of the crop; this means that hybrids will appear almost exclusively in 
those years when crop and the CWR are sympatric. As a consequence, hybrid numbers could 
tend to show cycles of abundance that match the rotation cycle. However, any differences in 
the dormancy characteristics of the hybrid seeds will dampen the amplitude and distinctness 
of such cyclical changes in hybrid plant frequency. Modelling can accommodate these factors, 
although a more direct (albeit more difficult) approach is to record the abundance of hybrid 
plants among flowering populations of the CWR in sites of previous sympatry. In either case, 
modelling will still be required to apply any results to a landscape or national scale (Reiger et
al., 2002; Wilkinson et al., 2003b).
In the absence of direct measures of gene flow, pollen dispersal and seed dispersal models 
can be used as crude guides to the patterns, range and approximate scale of hybrid formation. 
When assembling large-scale models of any kind, it is vitally important that one gains a real-
istic picture of the rotation patterns adopted by farmers in the region of interest. This can be 
obtained by reference to farmer’s records, or by remote sensing when the crop has a distinctive 
multispectral signature (Davenport et al., 2000).
Introgressive hybridization
Whilst there have been several reports providing evidence of introgression between crops and 
wild relatives (e.g. Rieseberg et al., 1999; Hansen et al., 2001), few have adopted a mapped-based 
approach to characterize the nature of the introgressed segments. These works have innate 
value in their own right, but do not provide vital information on the likelihood of a particular 
locus being transferred. This is particularly important if linkage drag around deleterious crop 
genes and drive around advantageous ones mean that some regions of the genome are very 
much more likely to be stably introgressed than others. This is also true where some regions of 
the wild relative genome show greater or reduced homology to the crop genome than others, 
and so are more or less likely to pair at meiosis. In the future, therefore, it is likely that various 
approaches will be adopted to identify genomic regions with a high likelihood of introgres-
sion. Such information might be gained by reference to existing mapping and breeding data 
(attempts to introduce desirable genes from wild relatives into the crop) or might instead rely 
on the application of linkage disequilibrium-based strategies to characterize historic gene flow 
(Beaumont and Rannala, 2004).
Secondary gene spread
Here, the aim is to predict the speed and extent that a crop gene introgressed into the wild 
relative will spread to allopatric populations. There is an extensive literature on how gene 
flow between populations can be estimated, mostly based on the use of F-statistics or Bayesian 
approaches (Beaumont and Rannala, 2004). The key limitation is usually to characterize the 
distribution and demography of the wild species, since both can influence the rate of gene 
movement on a landscape scale.
3. Evaluate transgene- or cultivar-specific exposure aspects
For hazards identified as high priority and where hybridization, introgression and spread are 
considered inevitable or likely, it may become important to assess the later elements of exposure. 
In many cases, it would be a daunting task to provide quantitative predictions because of the 
complexity of interactions between organisms at a community level. However, the purpose of 
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risk assessment is not to provide realistic and predictive ecological models; rather, it is a tool to 
assist the decision-making process (Raybould and Wilkinson, 2005). Thus, it is important only 
to establish whether or not something is very unlikely to happen. Freedom from the need to 
provide truly predictive estimates of exposure has allowed a tiered approach to be developed in 
which the hazard is first mimicked under ‘worst-case scenario’ conditions (tier 1 experiments). 
If the hazard is not realized under these situations, the exposure is deemed to be negligible 
(but unquantified). However, if the hazard is realized, then more complex (tier 2 and tier 3) 
experiments are performed in which the conditions become increasingly more similar to that 
encountered in the wild. The value of the tiered approach can perhaps be illustrated by the 
possible hazard that Lepidopteran-specific Bt resistance in maize pollen could cause a crash in 
North American populations of the Monarch butterfly. Losey and colleagues (1999) used simple 
laboratory feeding experiments (tier 1) to indicate that the presence of pollen from GM maize 
could negatively influence survival of Monarch butterfly larvae when dusted on their normal 
food plant. The authors inferred that the presence of GM Bt maize could therefore constitute a 
threat to the long-term survival of the Monarch in North America. Whilst this work was sub-
ject to criticism (Hodgson, 1999), the identification of this potential hazard led to an excellent 
series of tier 2 and 3 ‘exposure’ papers that evaluated the likelihood that the hazard would 
occur (Sears et al., 2001; Stanley-Horn et al., 2001; Oberhauser et al., 2001). These efforts finally 
led to the risk being assessed as negligible that GM Bt maize would cause serious decline in 
Monarch numbers in the USA (Gatehouse et al., 2002).
The tiered testing approach has been used widely in the testing of pesticides. A more-or-less 
standard procedure is now used and accepted within the European Union (e.g. EPPO, 2003). 
Several authors have called for a tiered approach to be routinely adopted for the risk assess-
ment of GM crops (Poppy, 2000; Wilkinson et al., 2003a). The same approach could equally be 
applied to hazards arising from gene flow from non-GM crops.
Conclusions
The process of assessing ecological risks of gene flow between crops and their wild relatives is 
complex and requires a structured, sequential approach. Initial work should focus on the identi-
fication and ranking of CWRs in a region and of the hazards that could conceivably result from 
the stable transfer of a gene or genes into these species. Having established the identity of high 
priority hazards, emphasis should turn to measuring the likelihood of occurrence (exposure). 
Ecological exposure differs from exposure to toxic chemicals in that it comprises of a series of 
events that must occur in a particular sequence in order that the hazard is realized. In the risk 
assessment of a particular crop-gene-wild relative-location combination, there will generally 
be several potential hazards worthy of study. With respect to gene flow, all will share three 
common elements of exposure, namely initial hybridization, introgression, and gene spread 
between populations. These elements therefore have generic value, and should be evaluated 
for all wild relatives deemed to be important in an area. The later elements of exposure are 
specific to one or a few hazards and are more problematic to quantify. However, for risk assess-
ment purposes, a tiered approach provides a useful means of evaluating whether a particular 
scenario is sufficiently unlikely to justify its being discarded on the basis of low exposure. If 
not, regulators must make decisions on whether to refuse permission for release or to impose 
risk management restrictions.
References
Andersen, N.S., Siegismund, H.R., Meyer, V. & Jorgensen, R.B. 2005. Low level of gene flow from 
cultivated beets (Beta vulgaris L. ssp. vulgaris) into Danish populations of sea beet (Beta vulgaris 
L. ssp. maritima (L) Arcangeli. Molecular Ecology, 14: 1391–1405.
Risk assessment and gene flow 33
Beaumont, M.A. & Rannala, B. 2004. The Bayesian revolution in genetics. Nature Reviews Genetics,
5: 251–261.
Davenport, I.J., Wilkinson, M.J., Mason, D.C., Charters, Y.M., Jones, A.E., Allainguillaume, J., 
Butler, H.T. & Raybould, A.F. 2000. Quantifying gene movement from oilseed rape to its wild 
relatives using remote sensing. International Journal of Remote Sensing, 21: 3567–3573.
Dunwell, J.M. 2002. Future prospects for transgenic crops. Phytochemistry Reviews, 1: 1–12.
Elliott, L., Mason, D., Wilkinson, M.J., Allainguillaume, J., Norris, C., Alexander, M. & Welters, 
R. 2004. Using satellite image processing for large-scale study of gene flow from genetically 
modified rapeseed. Journal of Applied Ecology, 41: 1174–1184.
Ellstrand, N.C., Prentice, H.C. & Hancock, J.F. 1999. Gene flow and introgression from domesticated 
plants into their wild relatives. Annual Review of Ecology and Systematics, 30: 539–563.
EPPO [European and Mediterranean Plant Protection Organization]. 2003. Environmental risk 
assessment scheme for plant protection products. Chapter 7: Aquatic organisms. EPPO Bulletin,
33: 183–194.
Gatehouse, A.M.R., Ferry, N. & Raemaekers, R.J.M. 2002. The case of the Monarch Butterfly: a 
verdict is returned. Trends in Genetics, 18: 249–251.
Hansen, L.B., Siegismund, H.R. & Jorgensen, R.B. 2001. Introgression between oilseed rape 
(Brassica napus L.) and its weedy relative B. rapa L. in a natural population. Genetic Resources 
and Crop Evolution, 48(6): 621–627.
Hodgson, J. 1999. Monarch Bt-corn paper questioned. Nature Biotechnology, 17: 627.
James, C. 2004. Preview: Global Status of Commercialized Biotech/GM Crops: 2004. International 
Service for the Acquisition of Agri-biotech Applications (ISAAA), Ithaca, NY, USA. ISAAA 
Briefs, No. 32.  43 p.
Losey, J.E., Rayor, L.S. & Carter, M.E. 1999. Transgenic pollen harms monarch larvae. Nature,
399: 214.
Oberhauser, K.S., Prysby, M.D., Mattila, H.R., Stanley-Horn, D.E., Sears, M.K., Dively, G., Olson, 
E., Pleasants, J.M., Lam, W.K.F. & Hellmich, R.L. 2001. Temporal and spatial overlap between 
monarch larvae and corn pollen. Proceedings of the National Academy of Scence of the USA,
98: 11913–11918.
Poppy, G.M.  2000.  GM crops: environmental risks and non-target effects. Trends in Plant Science, 
5: 4–6.
Raybould, A.F. & Wilkinson, M.J. 2005. Assessing the environmental risks of gene flow from GM 
crops to wild relatives. pp. 169–185, in: G.M. Poppy and M.J. Wilkinson (editors). Gene Flow 
from GM Plants. Blackwell Publishing, Oxford, UK.
Rieger, M.A., Lamond, M., Preston, C., Powles, S.B. & Roush, R.T. 2002. Pollen-mediated movement 
of herbicide resistance between commercial canola fields. Science, 296: 2386–2388.
Rieseberg, L.H., Kim, M.J. & Seiler, G.J. 1999. Introgression between the cultivated sunflower 
and a sympatric wild relative, Heliathus petiolaris (Asteraceae). International Journal of Plant 
Sciences, 160: 102–108.
Scheffler, J.A. & Dale, P.J. 1994. Opportunities for gene transfer from transgenic oilseed rape 
(Brassica napus) to related species. Transgenic Research, 3: 263–278.
Scott, S.E. & Wilkinson, M.J. 1998. Transgene risk is low. Nature, 393: 320.
Sears, M.K., Hellmich, R.L., Stanley-Horn, D.E., Oberhauser, K.S., Pleasants, J.M., Mattila, H.R., 
Siegfried, B.D. & Dively, G. 2001. Impact of Bt corn pollen on monarch butterfly populations: 
A risk assessment. Proceedings of the National Academy of Scence of the USA, 98: 11937–11942.
Stace, C.A. 1975. Hybridization and the Flora of the British Isles. Academic Press, London, UK.
Stanley-Horn, D.E., Dively, G., Hellmich, R.L., Mattila, H.R., Sears, M.K., Rose, R., Jesse, L.C.H., 
Losey, J.E., Obrycki, J.J. & Lewis, L. 2001. Assessing the impact of Cry1Ab-expressing corn 
pollen on monarch butterfly larvae in field studies. Proceedings of the National Academy of Scence 
of the USA, 98: 11931–11936.
34 Genetic erosion and pollution assessment methodologies
Wilkinson, M.J., Sweet, J. & Poppy, G.M. 2003a. Risk assessment of GM plants: avoiding gridlock? 
Trends in Plant Science, 8: 208–212. 
Wilkinson, M.J., Elliott, L.J., Allainguillaume, J., Shaw, M.W., Norris, C., Welters, R., Alexander, 
M., Sweet, J. & Mason, D.C. 2003b. Hybridization between Brassica napus and B. rapa on a 
national scale in the United Kingdom. Science, 302: 457–459.
Genetic erosion and genetic pollution 
of crop wild relatives
Nigel Maxted1 and Luigi Guarino2
1 School of Biosciences, University of Birmingham, Birmingham, B15 2TT, UK. 
E-mail: <N.Maxted@bham.ac.uk>
2 Secretariat of the Pacific Community, Suva, Fiji. E-mail: <luigig@spc.int>
Introduction
The Convention on Biological Diversity (CBD), the International Treaty on Plant Genetic Re-
sources for Food and Agriculture and the Global Plant Conservation Strategy all recognize the 
need for more systematic conservation action and a better assessment of threats to biodiversity. 
The need to assess current threats to genetic diversity from erosion and extinction was specifically 
recognized by the Conference of the Parties (COP) to the CBD in their 2010 Biodiversity Target 
(www.biodiv.org/2010-target), which calls for a significant reduction in the current rate of loss 
of diversity. Crop Wild Relatives (CWRs), defined as those wild species taxonomically related 
to socio-economically important crops and to which they can contribute genes via traditional 
breeding and biotechnology, constitute a critical segment of plant biodiversity that is vital for 
wealth creation, food security and environmental sustainability in the 21st century. This paper 
aims to review approaches to the assessment and prediction of genetic erosion and genetic 
pollution in CWR, and suggests how a catalogue of CWRs might be prioritized according to 
the dual threats of genetic erosion and genetic pollution.
Definition of genetic erosion
The level and structure of genetic diversity in plant species – whether wild or cultivated – is 
shaped by the five evolutionary forces of mutation, recombination, migration, genetic drift 
and selection (natural and artificial). Apart from mutation, these are in turn affected by the 
interaction of the plant with humans and its environment (biotic and physical) and by the 
reproductive biology of the species, through the intermediary of the differential survival and 
isolation of individuals and populations.
Genetic diversity is always changing, but the Report on the State of the World’s Plant Genetic 
Resources (FAO, 1998), summarizing country reports, suggests that ‘recent losses of diversity 
have been large, and that the process of “erosion” continues.’ It points out that, while loss of 
individual alleles is of particular concern, loss of gene complexes and unique combinations of 
genes (as in different landraces) can also have important consequences. Genetic erosion may 
thus be defined as a permanent reduction in richness or evenness of common local alleles or the loss of 
combination of alleles over time in a defined area. This definition recognizes that diversity has two 
distinct components, namely (i) the number of different entities, and (ii) their relative frequen-
cies. It also suggests that it is specifically loss of locally adapted alleles that is most significant. 
Genetic erosion will be detrimental to the short-term viability of individuals and populations, 
the evolutionary potential of populations and species, and the direct use of genetic resources 
(Brown et al., 1997). Change is, however, universal and natural, and there is therefore a need 
to distinguish anthropogenic changes that are detrimental to populations from the normal 
background levels of change.
It is important that genetic diversity be retained, not only to maintain the viability and evo-
lutionary potential of populations and species but also because it is this variation in genes and 
alleles that is of direct use to humankind in terms of providing microhabitat adaptation, disease 
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and pest resistance, and yield enhancement traits. Genetic erosion can be noted both in wild 
populations found in situ but also in conserved ex situ collection that may suffer serious genetic 
erosion during periodic regenerations. As such, recent genetic erosion or the risk of imminent 
genetic erosion are key factors in determining the priority given to different areas and taxa for 
conservation interventions – whether ex situ, in situ or a combination of both.
Although the cost of plant genetic resource conservation is high, with Hawkes et al. (2000) 
estimating that the annual cost of maintaining accessions conserved in ex situ gene banks is 
US$ 30.5 million, and that only 1% of total conservation costs are devoted to ex situ conservation 
(Cohen et al., 1991), the benefits of plant genetic resource conservation are even higher, with ten 
Kate and Laird (1999) estimating that the use of plant genetic resources was worth US$ 500 to 
800 thousand million per year. Thus the need to adopt a prophylactic approach to CWR conserva-
tion is self evident. Conservation now will ensure availability for use for tomorrow by protection 
of in situ ‘hotspots’ of CWR diversity, ensuring safety duplication in ex situ collections, increasing 
the ‘value’ of landraces by adding value, promoting conservation legislation (national, regional 
and global), and raising public awareness (professional and general public) concerning the value 
of nature, the uses of nature and genetic diversity, and the need for conservation.
Measuring genetic erosion
Indicators can be used both to estimate past erosion and to predict future loss of diversity.
Estimating past genetic erosion
Brown et al. (1997) provided a useful list of features or indicators that could be measured singly 
or in combinations on individuals and populations of a given species in a defined area as part 
of a systematic effort to monitor changes in genetic diversity in the species.
Number of sub-specific entities. Formal taxonomic categories, such as sub-species, and 
also entities such as ecotypes, chromosome races and landraces groups, ‘are a useful first 
approximation of genetic diversity within a species’.
Population size, numbers and isolation. Small populations are at relatively greater risk of 
loss of alleles, increased inbreeding and extinction due to stochastic events. The number 
and isolation of populations in an area will reflect both the overall genetic diversity in the 
area and how this is structured.
Environmental amplitude. The number of distinct habitats or environments in which the 
species is found in a study area (for example, based on existing ecological and climatic clas-
sifications) reflects highly adaptive variation.
Genetic diversity at marker loci. In the past few years, advances in molecular biology 
have resulted in the development of a number of powerful new techniques that have found 
important applications as diagnostic tools for investigating genetic variation in plants and 
animals. The most commonly used of which are Restriction Fragment Length Polymor-
phism (RFLP), Amplified Fragment Length Polymorphism (AFLP) analysis, and various 
microsatellite approaches. They provide a wide range of molecular approaches for the study 
of important biological topics in the field of conservation and sustainable use of plant and 
animal genetic resources, including the amount and structure of genetic diversity within 
species, and how this changes with time.
Quantitative genetic variation. Additive genetic variance of metric characters within popu-
lations reflects variation at multiple loci and is a measure of the ‘ability of a lineage to … 
adapt to changing … conditions’.
Inter-population genetic structure. Markers and quantitative measures could be used to gauge 
not only the diversity within populations, but also the level of genetic differentiation among 
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Amount and pattern of mating. This is the primary determinant of partitioning of genetic 
variation, with changes affecting individual fitness (e.g. inbreeding depression) and the viabil-
ity of a population. Mating events can respond rapidly to population changes. The different 
parameters that could be monitored include outcrossing rate, fixation index, fecundity and 
progeny fitness, pollinator abundance, sex ratios, and density of reproductive individuals.
A crude estimate of genetic erosion can be made by considering loss of species, or taxonomic 
erosion, because loss of species must necessarily involve loss of the genetic diversity found 
within those taxa. Taxonomic erosion is difficult to quantify, but IUCN estimates that, by ap-
plying the IUCN Red List Criteria (IUCN, 2000), 11 000 species are imminently threatened with 
extinction (http://www.iucn.org/). It is interesting to note the parallel reduction in numbers 
of crop species, as exemplified by the reduction over time in the number of UK forage species 
(Sackville-Hamilton, 1999) (Table 1). Maxted et al. (1997) estimated that 25% to 35% of plant 
genetic diversity could be lost over the next 12 years, based on 100% of genetic diversity being 
lost from those taxa that go extinct and a certain percentage also being lost from those species 
that remain extant.
Table 1. Numbers of UK forage species (from Sackville-Hamilton, 1999) 
Forage crop Year
1924 1973 1998
Grass species 13   6 2
Legume species   7   4 1
Other dicotyledonous species   4   5 0
Total 24 15 3
However, having set out how genetic erosion might be assessed, it must be admitted that 
vital as maintenance of genetic diversity is for future crop improvement, loss of genetic di-
versity (= genetic erosion) has not often been quantified very rigorously. Evidence is largely 
absent, and is often anecdotal (FAO, 1999) or is based on nomenclature, as for potato landraces 
on the Chilean island of Chiloe (Ochoa, 1975) (Table 2). One problem is that such evidence is 
subjective and liable to misinterpretation, and reduction in the number of nomenclatural enti-
ties may not provide an accurate estimate of loss of genetic diversity, as entities with the same 
name may be genetically distinct or entities with different names may be genetically similar. 
Examples of the very few concrete examples of loss of genetic diversity include Akimoto’s et
al. (1999) study of Oryza rufipogon from Thailand. They sampled populations in 1985 and 1994, 
and analysed genetic diversity using allozymes; they found a severe decline in diversity and 
significant genetic pollution. The original populations were all extinct by 1996. De Oliveira and 
Martins (2002) studied ipecac (Cephaelis ipecacuanha (Brot.) Rich.) from Brazil using a compara-
tive model of estimating genetic erosion by Guarino (1995).
The characteristics listed above can be used not only to provide a baseline against which 
to assess future genetic erosion in a particular area, but also, in specific circumstances, to 
estimate the genetic erosion that has occurred in the past in an area. The State of the World’s 
PGRFA report (FAO, 1998) states that “because no one can say exactly how much diversity 
once existed …, no one can say exactly how much has been lost historically.” However, there 
are circumstances in which it may be possible to overcome this problem. Two approaches have 
been recognized in the study of past genetic erosion, i.e. temporal and spatial comparisons, 
and each may be studied directly or indirectly, using proxies. Direct observation is based on 
•
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the assessment of change in or loss of genetic diversity as measured directly using molecular 
studies of the genetic diversity itself, while indirect observation employs proxies such as the 
passport data associated with collections or local people’s indigenous or expert knowledge as 
an indication of change in genetic diversity.
Table 2. Recorded potato landraces on the Chilean Island of Chiloe (from Ochoa, 1975)







In genetic erosion studies involving direct temporal comparisons, the same population(s) are 
studied at different times. This involves re-sampling and direct comparison of samples col-
lected on different occasions and conserved ex situ in gene banks or as dried plant material in 
a herbarium. The basis of the comparison could be local knowledge, conventional morphologi-
cal characterization, agronomic evaluation, or molecular markers. Problems associated with 
this approach include the availability and quality of passport data (necessary for exact site 
identification), the comparability of collecting strategies at different sampling times, and the 
possibility of genetic erosion having occurred ex situ. Re-sampling studies have been carried out 
for wild potato species in Arizona and New Mexico (del Rio et al., 1997) and for various crops 
in Albania and southern Italy (Hammer et al., 1996). All of the features listed in the previous 
section could be documented in such studies; in the two examples quoted above, molecular 
markers and sub-specific entities (landraces) were used, respectively.
Indirect temporal comparison
By historical comparison is here meant comparison of observations of the current situation with 
published observations on the situation at different time(s) in the past, where actual specimens 
from earlier times are not available. Because specimens are not available, not all the features 
mentioned in the list above will be relevant for such studies (e.g. molecular markers), but it 
may be possible to compare the numbers of sub-specific entities, such as landraces, or popu-
lation numbers and sizes. Sources of the historical information could be experts, the formal 
literature (agricultural, botanical, ethnographic, linguistic, development, etc., and ‘amateur’, 
e.g. explorers’ and travellers’ records), grey literature (e.g. reports of extension departments, 
field books of collectors) and remote sensing. An interesting example is provided by Varisco 
(1985), who compared his observations of sorghum landraces in Yemen with medieval accounts. 
Many quoted examples of genetic erosion involving numbers of varieties at different times in 
the past, for example those mentioned in many of the country reports and summarized in the 
State of the World’s PGRFA report (FAO, 1998), are derived from this kind of study.
The oral history, knowledge and experiences of local people are also potentially rich sources 
of information on genetic erosion at the variety level. Indigenous knowledge surveys of genetic 
erosion consist of asking local people about what genetic diversity they may have lost. However, 
indigenous knowledge is unevenly distributed within communities, often protected, fragile, error 
Genetic erosion and genetic pollution of crop wild relatives 39
prone in transmission, and location specific, which means that methodological sophistication is 
necessary for its documentation and interpretation. Some of the techniques of Participatory Rural 
Appraisal (e.g. use of time lines, trend lines and historical transects), combined with ethnobotani-
cal methods (e.g. for the elicitation of folk taxonomies) can be adapted to reveal changes in time 
in the crop varieties being used in a village or in the abundance of specific wild species.
Direct spatial comparison
In contrast with indirect or direct temporal comparisons described above, genetic erosion stud-
ies based on spatial comparisons involve different population(s) being investigated at the same 
time for any of the characteristics listed earlier. In essence, in these studies, space is taken as a 
surrogate for time. 
In intensive spatial comparison studies, a small number of nearby populations are compared 
that differ in a key factor but are otherwise similar. Examples of such ‘controlled comparisons’, 
typically of a disturbed versus an undisturbed situation, include continuing Bioversity Interna-
tional (formerly IPGRI)-sponsored studies of the effects of fragmentation and selective logging 
on genetic diversity of forestry species in Costa Rica, Viet Nam and Brazil, and Brush’s (1992) 
work on cultivated potatoes in two Peruvian valleys with contrasting levels of modernization 
and commercialization.
Extensive studies, in contrast, are typically country- or region-wide and involve comparing 
many areas in terms of several factors at once. Geographical information system (GIS) technology 
is a useful tool in such studies, as exemplified by work by Bioversity and the International Potato 
Centre (CIP) on cultivated potatoes in Peru. In this study, isozyme data from the CIP ex situ potato 
collection are being used to estimate levels of genetic variation in each 20×20 km square in a grid 
covering the whole potato-growing area of the country. Data on the extent of potato cultivation 
and the environment in each square are used as the independent variables in a multiple regression 
model, with genetic diversity as the dependent variable. Negative deviations from the model are 
then mapped to identify possible areas of genetic erosion, and correlations sought with a number 
of socio-economic variables (such as accessibility and population growth) to identify possible 
causative factors for any lower-than-expected level of genetic diversity.
Serwinski (1999) suggested establishing a regular grid of permanent sites to act as a baseline 
for genetic erosion assessment, but action has not been forthcoming; the need is now urgent. 
The International Board for Plant Genetic Resources (IBPGR) and its successors, IPGRI and 
Bioversity, among others, instigated and funded numerous ex situ collecting expeditions from 
the late 1970s onwards. These collection missions involved a professional approach to gene 
pool conservation that included careful targeting of collection sites, systematic sampling, and 
the collection of detailed passport data for each accession. The bulk of the germplasm collec-
tions and associated passport data remain available. One means of assessing changes in genetic 
diversity over time that would enable the CBD 2010 target to be met would be to revisit well-
documented collection sites, compare passport information relating to the extent of populations 
now and previously, and also to compare levels of genetic diversity originally collected with 
fresh germplasm samples collected from the same locations today.
The following procedure is recommended:
Selection of original germplasm sampling to be repeated. These would need to be significant 
missions to sites where the germplasm collection and the detailed population passport data 
still exist. For the international genetic erosion case studies, it would be necessary to select 
diverse sites, crops and CWRs from throughout the tropical and temperate biosphere.
Repeat germplasm sampling. The original sites would be revisited, either by the original 
collectors or local staff acting under their supervision, and fresh population assessment and 
germplasm samples made for the taxa found during the original visit.
•
•
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Monitoring and comparison of patterns of genetic diversity. The level of genetic vari-
ation within and between sampled populations would be estimated for the original and 
re-sampled populations, using either polymerase chain reaction (PCR) techniques to assess 
molecular (microsatellite) markers or AFLPs to establish original and current patterns of 
genetic diversity.
Estimation of change in genetic diversity over time. By comparing original and re-sam-
pled population data, either crudely in terms of the presence or absence of species, or more 
objectively by comparing numbers of individuals present for the species previously found, 
or even more precisely by comparing allele frequencies, genetic diversity and levels of in-
breeding in the original with the current accessions collected from the same site, it will be 
possible to assess genetic diversity changes for the selected populations in the intervening 
period between the two or more collections.
Identification of drivers of genetic diversity change. While revisiting the sites, detailed 
socio-economic data should be collected from farmers and other stakeholders in the local 
area, to enable an assessment to be made of the socio-economic drivers of genetic diversity 
change.
The methodology is not intended as a short-term piece of research, but should be seen as a 
semi-permanent means of assessing genetic erosion, where the monitoring would be repeated 
periodically into the future to provide a permanent early warning system for genetic diversity 
loss. The methodology is recommended for the establishment of a set of international genetic 
erosion case studies, but the methodology might equally well be applied within individual 
countries to routinely assess changes in national genetic diversity.
Predicting future genetic erosion
Agenda 21 (Chapter 15) states that ‘the current decline in biodiversity is largely the result 
of human activity and represents a serious threat to human development’. Various attempts 
have been made to list the threats faced by plant diversity, both wild and cultivated, at the 
local, national and global levels. These include WRI/IUCN/UNEP (1992), WCMC (1992), 
Gomez-Campo et al. (1992), Dahl and Nabhan (1992), and UNEP (1993). The country re-
ports that provided the raw data for the State of the World’s Plant Genetic Resources also 
listed a number of putative causes of genetic erosion. For cultivated species, these included 
the introduction of new varieties of crops, and civil strife, and for wild species causes 
included habitat fragmentation, overexploitation, overgrazing, competition from exotic 
invasive species, and urbanization. Such lists ‘can be used as an evaluation tool for any 
local community wishing to impede genetic erosion’ (Dahl and Nabhan, 1992), as well as 
to assess the danger of erosion taking place in the future. Guarino (1995) formalized this 
assessment by proposing a model for quantifying the threat of genetic erosion, based on 
24 questions and a scoring system associated with the answers provided, as illustrated by 
first three factors:
1. Taxon distribution
Rare   10
Locally common 5
Widespread or abundant 0
2. Drought
Known to have occurred in two or more consecutive years 10
Occurring on average one or more times every ten years but not in consecutive years 5
Occurring less than once every ten years 0
3. Flooding
Area known to be very flood prone 10
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Monitoring various putative causative factors is clearly one possible approach to assessing 
the risk of future genetic erosion within a gene pool in a given area. However, the relation-
ship between such factors and genetic erosion may not be straightforward – it may well be 
non-linear, site-specific and involve complex interactions among factors. As Brush (1995) 
points out, there are also forces that counteract those tending to cause genetic erosion. This 
approach therefore needs to be complemented with direct measurement of genetic diversity 
if causative links are to be established between specific factors and genetic erosion.
Once the past association between genetic erosion and different causative and countervail-
ing factors(s) has been investigated in temporal or spatial comparisons, or a combination, 
a predictive model for future genetic erosion may be constructed based on the assumption 
that the association will continue into the future. Thus, temporal comparisons at a number 
of different sites or a spatial comparison study could suggest that a particular factor might 
be responsible for genetic erosion in a particular gene pool. The current presence or strength 
of that factor could then be mapped over the region in question to identify those areas where 
it might be expected to cause further significant genetic erosion in the future.
Therefore, to be aware of and manage information to minimize genetic erosion, there is 
a need for detailed information collation at the local, national and global levels. The better 
the data quality, the more accurate the assessment and any prediction of genetic erosion, 
and the easier it will be to effectively prioritize conservation action and inform decision-
makers. However, as is being found by those scientists currently attempting to address the 
CBD 2010 target, there is an urgent need to establish a baseline understanding of genetic 
diversity for future comparison. Without such a baseline, change will remain primarily 
a subjective assessment. Guarino (1995) suggested a programme for monitoring genetic 
erosion by national programmes that remains equally pertinent today; it consisted of the 
following components:
Studies of past genetic erosion in priority gene pools, i.e. spatial and temporal comparisons, 
using a number of indicators, as listed above.
Identification of major factor(s) contributing to genetic erosion in the target gene pool.
Mapping of the strength of the identified putative causative factor(s), or some other closely 
correlated feature, over the mandate region
Fieldwork in areas identified as being at high risk of genetic erosion, so as to gather baseline 
genetic diversity data (again, using a number of indicators), verify level of risk and plan 
possible conservation interventions, in partnership with affected local communities.
Setting up a network of community-based correspondents for continuous monitoring of 
genetic diversity and genetic erosion risk.
Indicators of genetic pollution
Genetic pollution may be defined as the introduction of alien genetic diversity into a host genome 
with potentially harmful effect. There is a need to distinguish three forms of introduction of alien 
genetic diversity, namely: 
‘deliberate’ as a result of conscious human actions, as would be the case for a breeding 
programme, and is therefore deemed beneficial; 
‘natural’ introgression, and, as such, possibly beneficial, as is the case for landrace maize 
grown in Mexico, where introgression from wild relatives is seen as a positive measure to 
improve cultivated varieties; and 
‘accidental’, where introgression occurs as a result of unconscious human actions and the 
result maybe potentially harmful, as might be the case where genetic diversity is lost, mak-
ing populations more prone to disease or pest attack. 
Thus, only the last-named form of introduction of alien genetic diversity into a host genome 
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In recent years, largely due to the GM debate, there has been a heightened awareness of 
genetic pollution, but genetic pollution can result from more than just genetically-modified 
organism (GMO) contamination. Various investigations of the degree of introgression be-
tween improved varieties and taxonomically related species has shown high levels of natural 
introgression between conventionally bred crops and crop landraces and related wild species. 
For example, in France, wild perennial ryegrass (Lolium perenne L.) shows a clear pattern of 
increasing genetic distance with increasing geographical distance (Monestiez et al., 1994) and a 
similar relationship is found in the UK for the uncultivated wild grass species Agrostis curtisii
Kerguélen. But, for wild perennial ryegrass in the UK, as is shown in Table 3, no such positive 
relationship between genetic distance and geographical distance was found (Warren et al., 1998). 
This led Sackville Hamilton (1999) to conclude that within the UK the widespread sowing of 
improved cultivars of ryegrass had severely disrupted the genetic structure of sympatric wild 
populations.
Table 3. Relationship between genetic distance and geographical distance for Lolium perenne and 
Agrostis curtisii in the UK (Warren et al., 1998)
Species Lolium perenne Agrostis curtisii
Regression coefficient for FST on distance -1.05 × 10-4 7.77 × 10-5
Significance * ***
r2 1.9% 7.0%
As with genetic erosion, there is a need to take a prophylactic approach, assess current and 
predict future incidence of genetic pollution. A prophylactic approach to genetic pollution 
would avoid alien and host species coming into each other’s pollination range, by ensuring 
geographical isolation of the alien and host species. To assess the degree of genetic pollution, 
molecular techniques could be employed. As such, changes in genetic diversity should be noted 
and the presence of alien diversity in the host genome identified. Molecular techniques have 
been used in this way to identify cultivar markers in landrace or wild species.
For example, in Mexico it is illegal to cultivate GM maize, yet the Ministry of the Environ-
ment (Quist and Chapela, 2001) reported that farmers’ traditional maize varieties in two remote 
Mexican states, Oaxaca and Puebla, had contamination rates of up to 35% with DNA from GM 
maize. Genetic pollution of maize in Mexico is particularly alarming because Mexico is the 
primary centre of maize genetic diversity, where maize was domesticated and where the great-
est diversity is still found. The Government of Mexica believes that GM maize was probably 
introduced to farmers’ fields when Mexican farmers planted grain of USA origin intended for 
food rather than seed, unaware that it was GM. Approximately 20 million acres of GM maize 
were planted in the USA in 2001, and approximately 6 million tonne of USA maize are shipped 
annually to Mexico as food grain. There are also numerous studies of gene flow, studies stimu-
lated by the GMO debate – see Wilkinson et al. (2003) for further discussion.
Another approach would be to predict species with propensity for genetic pollution. These are 
likely to be those closely related species that are geographically sympatric with the potentially 
polluting species, particularly if the host species is out-breeding and so crossing between the 
alien and host is likely to occur naturally. Any species that is taxonomically a species closely 
related to a crop obviously stands a higher risk of genetic pollution. Crop are, as a consequence 
of the contemporary breeding process, an amalgam of highly diverse genetic material from 
disparate sources that is brought together artificially by the breeder to generate modern cul-
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tivars, and these are then deliberately widely dispersed by humans. So there will be a strong 
potential for natural introgression and transfer of alien genes between a crop and coenspecies 
and other related taxa. Those attempting to predict which species are at highest risk could ap-
ply the gene pool and taxon group concepts. Obviously, those taxa in GP1b will be at highest 
risk, and those in GP2 at lower risk. Likewise, those taxa in TG1b, TG2, TG3 and TG4 will have 
a graded risk of genetic pollution. See Maxted et al. (2005) for an associated discussion of gene 
pool and taxon group concepts.
Discussion
In conclusion, a prophylactic approach to genetic erosion and genetic pollution is always pref-
erable as erosion and pollution threaten natural diversity, lead to genetic vulnerability and a 
lack of sustainability, and ultimately waste resources. Molecular approaches to genetic diversity 
analysis are the key to assessing current genetic erosion and genetic pollution, but the cost of 
such techniques remains prohibitive in terms of routine testing for assessment. However, it is 
possible to use indicators to assess the comparative probability of genetic erosion and genetic 
pollution, and hence to prioritize conservation action to minimize the threat of erosion and 
pollution.
The current interest in CWR conservation, culminating in the activities of PGR Forum, has 
highlighted the need for and problems associated with meeting the CBD COP 2010 target. PGR 
Forum has also generated solutions to some of the problems identified, and has suggested indi-
cators that could be used to identify and prioritizing for conservation those CWR species most 
threatened by genetic erosion and genetic pollution. The indicators for prioritization are:
• Highest priority
Taxa related to crops GP1b and GP2, and TG1b, TG2, TG3 and TG4.
Rare taxa with low population numbers, disparate populations, etc.
Taxa with unique genetic diversity.
Taxa restricted to threatened habitats.
Taxa vulnerable to agricultural changes.
• Medium priority
Wild harvested species.
Taxa restricted to locations near urban centres.
Taxa restricted to rare or restricted habitats.
Taxa vulnerable to natural disaster.
• Lower priority
Taxa not present in protected areas.
Taxa not duplicated in ex situ facilities.
Application of the indicators will facilitate the prioritizing for conservation of CWR species, 
and thus contribute to the retention of natural diversity and the avoidance of genetic uniformity, 
and consequently reduce vulnerability to novel pests and diseases and reinforce sustainability. 
Ultimately, the application of indicators and prioritization for conservation of CWR will save 
resources and promote long-term food security. Whereas rampant genetic erosion and genetic 
pollution question the validity of in situ conservation of CWR itself, if humankind carelessly 
allows crops to widely introgress with CWR, then attempts to establish genetic reserves for 
CWR conservation will be futile as genetic diversity will inevitably be eroded!
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Background
Genetic resources in wild populations are in permanent evolution, and genetic erosion and 
hybridization-introgression are two major evolutionary processes. This is particularly true for 
trees, due to their long generation time, which exceeds the time scale of environmental stability. 
Sustainable management of genetic resources should focus on the direction and intensity of 
changes in genetic diversity, which represents only an instant value on the evolutionary trajec-
tory. Dynamic gene resource management consists of monitoring trends and slopes rather than 
obtaining single time-point values.
Theory in population genetics has provided concepts and measures of the intensity of evolu-
tionary changes: so-called effective population size, Ne, which is in fact a family of parameters. 
These parameters measure the decrease in diversity (the lower the Ne, the greater the decrease) or 
the increase in inbreeding (the lower the Ne, the greater the level of inbreeding). Human impact 
results both from direct management of the demography of the population (introduction of a 
cultivated gene pool in the vicinity of native populations; control of reproductive individuals; 
control of mortality, as in classical silviculture) and from an indirect effect of ecosystem dis-
turbance (air or water pollution; changes in symbiotic or pathogenic populations; landscape 
planning; climate change).
Genetic erosion is a permanent process that is balanced by mutation (at low frequencies) 
and migration (which can be large). Human impact can essentially be on the intensity of 
genetic erosion and on the quantity and quality of migration. We know the main factors that 
can accelerate genetic erosion (i.e. reduce Ne): mating system, variance in mating success, 
variance in population size across generations, and selection. Therefore we can compare the 
potential impact of different practices on the genetic resources by evaluating how they affect 
each of these factors.
Migration can lead to hybridization or, if the process is long enough, to introgression. These 
processes do occur naturally, but they can be enhanced by human activities. In the case of trees, 
the anthropogenic impact in these fields only concerns a limited number of generations of trees, 
and we can restrict considerations to hybridization as a first approximation. Hybridization 
of a local gene pool with alien material (cultivated or not) has several positive and negative 
consequences. The global impact on genetic resources results from the balance between these 
effects. The positive effects can be demographic rescue (when the local population is declining), 
increased genetic diversity, and reduced inbreeding. The negative effects can be the introduction 
of maladapted genes, a general reduction in fitness when all offspring result from hybridization, 
increased inbreeding, and decreased diversity when all offspring result from hybridization and 
the migrant pool has a limited genetic base (in particular for widespread cultivars). Therefore, 
the balance of impact will vary from case to case. It depends on the combination of three fac-
tors: the origin of transferred material, its genetic base, and the relative size of native and alien 
populations. In general, the negative effects are reduced when the local population is not rare, 
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reproductive barriers are strong, generation time is long, selfing or vegetative propagation oc-
curs, or differential selection is enhanced. If migration is planned or cannot be avoided, gene 
resource managers can manipulate these factors to limit risk.
These general principals are applied in the design of in situ conservation strategies in trees 
at European level within the frame of EUFORGEN Networks (see, in particular, guidelines for 
black poplar (Van den Broeck, 2003) and Norway spruce (Koski et al., 1997)).
Specific features for trees
Genetic markers reveal higher genetic diversity for trees than any other organism, including 
both global diversity at the taxonomic level and within-population diversity (Hamrick et al.,
1992). Moreover, genetic differentiation among tree populations is weak. Considering that post-
glacial re-colonization of trees was rapidly achieved in a few generations, the observed pattern 
of genetic diversity is explained by intensive gene flow among populations. The importance 
of migration as an evolutionary force in trees is further enhanced by the long juvenile phase: 
when a new site is colonized, migrants accumulate over years before they start to reproduce 
themselves, thus reducing the founder effect (Austerlitz et al., 2000).
In spite of recent colonization and significant gene flow, tree populations rapidly develop 
local adaptation, and clinal variation is often observed for adaptive traits, e.g. phenology in oaks 
(Ducousso et al., 1996). The rapid effect of selection is also observed in recently transplanted 
tree populations (Skrøppa and Kohman, 1997). Local adaptation is a dynamic process where 
natural selection is balanced by other processes that prevent the population from reaching 
an ‘optimal’ genetic composition: gene flow (migration load), interaction among species and 
temporal fluctuations of environment. Therefore, populations maintain a high level of genetic 
diversity for adaptive traits, which is essential for future evolution. Climate change will directly 
affect the current generation of trees and their progenies. In response to this environmental 
change, three adaptive strategies are expected for forests: individual phenotypic plasticity is an 
immediate response; followed by rapid genetic evolution, which can occur in a few generations; 
and, finally, migration of populations will probably take more time than the other processes. 
A comprehensive study of adaptive potential in Pinus contorta populations was published by 
Rehfeldt et al. (2001).
Genetic erosion – the reduction of within-population diversity – can directly affect the adap-
tive potential of our forests and should be avoided. Based on recent studies of the impact of 
domestication in crop plants, we can conclude that breeding and selection activities generally 
do not represent a major threat of genetic erosion in trees, except in the particular cases of low 
initial diversity (Lefèvre, 2004). Population management, not only restricted to silviculture, has 
a direct impact on demographic parameters: life cycle, dispersal, mating system, survival and 
mating success. It should not affect the processes that maintain a high level of diversity within 
tree populations. This is a rather general statement, but all population management practices 
have their own advantages and drawbacks, and each case must be considered individually (see 
Lefèvre (2004) for a review). Genetic erosion is itself a dynamic process that can be accelerated 
or slowed down by population management (Lefèvre et al., 2004).
Wolf et al. (2001) proposed a general frame for monitoring the risk related to genetic pollution. 
It must be stressed that introductions, landscape fragmentation and habitat disturbance influ-
ence the process of hybridization and introgression. The first step is risk assessment. Assessing 
the occurrence and frequency of hybridization often raises technical difficulties, particularly in 
the case of intra-specific hybridization. Risk assessment is also needed to estimate the variation 
of frequency among cohorts, as well as the relative fertility of hybrid types. The second step 
is to reduce the impact of hybridization if considered to be a risk. This can be achieved in at 
least two ways: through elimination of hybrids and invasive species, or by improving habitat 
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in order to enhance competition and differential selection between local and hybrid forms. 
In particular, the impact of commercial seed transfer on local genetic resources depends both 
on the origin of the seeds and the destination site (Lefèvre, 2004); in an optimal situation, the 
risk of maladaptedness should be avoided through sufficient preliminary tests; a higher risk is 
expected when the local resource has a small Ne value.
Populus nigra as a case study
The European black poplar, Populus nigra L., is a genetic resource of interest for breeding. Natu-
ral populations have severely declined across Europe due to habitat disturbance of riparian 
areas. A network of the EUFORGEN programme was specifically dedicated to this resource 
(see EUFORGEN, 2006). Complementary approaches for its conservation can be applied: ex 
situ collections for the areas where natural populations have disappeared or where natural 
regeneration does not occur anymore; in situ management of conservation stands whenever 
possible; or reserve areas of riparian forests. Three objectives are generally assigned to in 
situ conservation of forest genetic resources: (i) ensure regeneration in sufficient quantity; 
(ii) ensure the genetic quality of the regeneration for further evolutionary processes; and 
(iii) preserve the ecological and genetic characteristics. The EUFORGEN Network recently 
published guidelines for in situ management of this pioneer species that are briefly introduced 
hereafter (Lefèvre et al., 2001).
The first point in these guidelines was to identify the different population types that can 
be found today in Europe, and assign to each of them a potential specific role in the conserva-
tion plan. Indeed, large naturally regenerating and self-sustainable poplar stands are rare in 
Europe, but small stands can also play a role, and, in other cases, ecological management can 
promote natural regeneration. The second point was to inform on the interaction between eco-
system dynamics and poplar population biology. We can expect that, for most pioneer species, 
population dynamics will mainly be controlled through the dynamics of the ecosystem rather 
than through direct demography-related control. For instance, regeneration will generally not 
take place where the reproductive individuals occur, but in recently opened areas. The third 
point was to make some recommendations for restoration projects, as already planned in some 
countries. Finally, we addressed the question of criteria and indicators to be used for monitoring 
in situ conservation units. Related to these guidelines, a joint European Research project was 
launched that investigated the a number of topics of interest for conservation, among other 
research tasks, namely gene flow, mating system, clonal propagation and introgression (Van 
Dam and Bordacs, 2002).
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Definitions
Genetic erosion can be viewed as a permanent reduction in richness or evenness of common 
localized alleles or the loss of combinations of alleles over time in a defined area. Genetic pollution 
may be described as gene flow from transgenic or non-transgenic crops to natural populations.
The key population genetic issues and parameters
Reproductive fitness is the measure of an individual’s ability to contribute offspring or progeny 
to the subsequent generation. Traits contributing to fitness are generally quantitative traits 
and are therefore difficult to measure. Significant reductions in fitness traits associated with 
viability or fecundity are obviously undesirable, and so a minimum population size needs to 
be maintained that reduces inbreeding depression to an acceptably low level. Maintenance of 
heterozygosity in a population which is not necessarily of adequate minimum size, and also 
its fitness, can be achieved by gene flow from other populations, provided that the ‘genetic 
diversity’ that is introduced in this way does not contain maladaptive genes (genetic erosion 
prevented by genetic pollution?).
Another factor to take into account is that the expression of fitness traits will be depend-
ent upon the environment (and fitness traits generally have low heritabilities), so change in 
environmental conditions will obviously affect fitness, but not in an easily measurable way. 
Environmental change may gradually eliminate a population, or the population may be able 
to maintain its fitness by adapting to the change, but this will depend upon adequate levels of 
genetic variation existing in the population. Changes in fitness can be monitored or predicted 
by measuring changes in observed heterozygosity and F statistics.
Effective population size can broadly be defined as ‘the size of an idealized (hypothetical) 
population that would lose genetic diversity at the same rate as the actual population (the one 
under study)’ (after Frankham et al. 2002). Effective population size in relation to actual popu-
lation size will always be smaller for inbreeding species than outbreeding, smaller if just a few 
plants contribute most to the next generation, and smaller if the actual population size drops 
substantially even for just one generation (this is probably the most important criterion).
Genetic diversity, gene flow and population structure?
The first of two ways of estimating diversity is ‘richness’: the total number of genotypes or alleles 
present within germplasm regardless of frequency. The second is ‘evenness’ of the frequencies 
of different alleles or genotypes. Where richness is used to measure diversity, germplasm with 
more (and different) alleles or genotypes will be more diverse. In contrast, where evenness is 
considered important, a germplasm sample where the alleles or genotypes, albeit fewer, are all 
roughly equal in frequency, will be more diverse than one where there may be greater numbers 
of alleles or genotypes, but where they are very unequal in frequency. Estimations of allelic rich-
ness are therefore the number of distinct alleles at a locus (A), and estimations of diversity (H) 
are measures based upon the frequencies of variants, allelic variants in the case of Nei’s index of 
diversity (Nei, 1973) or phenotypic variants in the case of the Shannon Index (H') (Shannon, 1948). 
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Such estimators can be used to assess diversity occurring within populations, within reserves or 
protected areas, or within different geographical regions. They will enable comparisons of genetic 
diversity to be made for monitoring what happens to diversity in a reserve over a particular time 
period – for estimating genetic erosion.
The estimation of gene flow between populations or sub-populations, inbreeding within 
populations or sub-populations and differentiation between sub-populations can be important 
and informative for measuring genetic erosion and pollution. This is most commonly achieved 
using what are called F statistics which are related to observed and average heterozygosity. FST
measures differentiation of sub-populations due to inbreeding, FIS the inbreeding of individu-
als relative to the sub-population, and FIT the inbreeding of the total population (Frankham et
al., 2004). Particularly important questions to be answered might be: Is the level of inbreeding 
within a conserved population increasing, giving rise to genetic erosion, or is there geneflow 
from a crop to a wild population?
What is the minimum size of a population needed to remain genetically viable and maintain 
genetic variation and heterozygosity? This minimum size, allowing for substantial variation in 
definition, is commonly referred to as the minimum viable population (MVP) size. It could tell us 
whether a population has suffered so much genetic erosion as to be no longer viable. It is generally 
accepted that, firstly, the minimum size of a population in which inbreeding depression is reduced 
to an acceptably low level is an MVP size of 50 individuals. Secondly, an MVP of 500 individuals 
should be of sufficient size to allow new variation arising from mutation to replace that lost by 
genetic drift (Franklin, 1980). This is the ‘50/500 rule’. When dealing with natural populations, the 
50/500 rule concerns Ne, the effective population size, rather than N, the actual population size. 
Allowing for this, the 50/500 rule then becomes the 500/5000 rule. In short, an MVP size of 5000 is 
probably reasonably safe, but is tentative and could be reduced if better estimates of the ratio Ne/N
were available for the species and showed that Ne was indeed close to N. Analysis of the factors 
that make Ne/N less than unity show that fluctuation in population size is the most important.
Overview and choice of molecular markers for monitoring
erosion and pollution
The range of molecular markers that can now be relatively easily used is quite extensive. Firstly, 
DNA-based markers have substantially overtaken those based upon proteins and enzymes. Tech-
niques applied to studying plant populations can include identifying polymorphism in the actual 
DNA sequence, the use of DNA hybridization methods to identify restriction fragment length 
polymorphisms (RFLPs), and the use of polymerase chain reaction (PCR)-based technology to find 
polymorphism using random amplified polymorphic DNA (RAPD), single sequence repeat (SSR) 
polymorphism, or combination techniques, such as amplified fragment length polymorphism 
(AFLP). Reviews of these techniques are plentiful (e.g. Newbury and Ford-Lloyd, 1997; Westman 
and Kresovich, 1997; Henry, 2001). For genetic monitoring of populations, a co-dominant marker 
system will often be most appropriate, which means microsatellites (SSRs). However, out of 160 
random CWR taxa (genera) surveyed, only 29% had SSR primers currently available for easy use. 
Therefore, sacrifice of a co-dominant marker system might be necessary in favour of one where 
prior knowledge of primer sequences is not required, such as AFLP.
The CWR catalogue: monitoring genetic erosion
The CWR catalogue has around 20 000 species. In theory, we could undertake detailed genetic 
assessment of genetic erosion and pollution on over 6000 taxa using SSRs, where primers might 
be available, or using AFLP in the absence of SSR primers. This is assuming that we have nearly 
infinite resources available, and that it is deemed scientifically necessary. However, in reality it 
will be neither possible nor desirable to do so. Key issues are therefore:
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How can we assess the majority of our CWR species using more easily obtainable data, 
with the aim of minimizing genetic erosion or pollution and maximizing genetic diversity 
in in situ conservation?
How do we prioritize a much smaller number of taxa where there may be a need for inten-
sive study of molecular population genetics?
Information on breeding systems will be important – the greatest amount of diversity is 
found within populations of outbreeders, whereas most diversity is found among populations 
of inbreeders. While effective and actual population sizes are rarely the same, actual population 
size can be a useful rough guide, and will give us an idea about erosion if actual population 
is getting smaller. This however demands resampling – obtaining data at more than one time 
point. If populations are staying the same size, then molecular population genetic analysis may 
be needed only once. If population size is decreasing, then there may be a need for resampling. 
Other simple guides might be:
taxonomic diversity, assuming that diversity is spread across taxa: ensuring that subspecific 
taxa are conserved should ensure that diversity is conserved;
ecogeographic diversity: populations that have different adaptive norms will be genetically 
diverse; and
Red data listing: can reveal important genetic information.
How should we apply assessment methodologies for genetic erosion? Simple and easily 
achieved prioritization of CWR taxa must be the first step, and could include prioritization on 
two criteria, namely abundance and distribution, and economic importance. Only after this 
prioritization should we attempt to address other questions, such as:
Are any subspecific taxa seriously threatened?
Are any major habitats or regions threatened?
Are most populations’ sizes declining (outbreeding species)?
Are some populations’ sizes declining (inbreeding species)?
Do sampled populations contain significant genetic diversity?
Monitoring genetic pollution
The Gene Pool Concept will provide an indicator of the CWR species that are vulnerable to 
genetic pollution. Of the world’s most important crops, 22 out of 25 show evidence of natural 
hybridization with one or more wild relatives. This could extrapolate to over 18 000 (90%) of 
our CWR taxa. So, can genetic pollution affect genetic diversity? It is accepted that gene flow 
can cause change in genetic diversity, and, in 12 different studies, diversity in introgressed 
populations was greater (Ellstrand, 2003).
Can gene flow cause extinction? More data are needed to answer this question, but it is 
‘speculated’ that hybridization may have caused extinction of CWR of Capsicum, date palm, 
hemp, maize and sweet pea (Small, 1984).
Assessment may require the measurement of gene flow, and need estimates of FST and mo-
lecular markers. It is possible to assess (with or without the use of molecular markers):
occurrence of hybrids and hybrid derivatives (morphological);
fitness of hybrids or hybrid derivatives; and
spread of hybrids or hybrid derivatives.
Such assessment needs to be over a large timescale, large geographical area and with a large 
sample size.
In summary, criteria indicating a need to undertake molecular population genetic studies 
include:
if most populations’ sizes are declining (outbreeding species);
if some populations’ sizes are declining (inbreeding species);
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and/or because any subspecific taxon is seriously threatened;
then sample and do molecular population genetics to establish whether populations in 
protected areas are adequate, or which populations to protect.
This implies:
do not plan to do molecular population genetics first; but 
do molecular population genetics last, or even not at all, after
other guides have been examined and 
when other assessments have been completed;
do use molecular population genetics as last resort to:
select best populations for in situ conservation; and
monitor populations or critical situations; but
do not use molecular population genetics to prioritize the CWR catalogue.
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Characteristics of forage species important in considerations
of the likely extent of genetic erosion and ‘pollution’
Grasslands are a major feature of European landscapes. They serve not only as a source of food 
but also for amenity, tourism and the provision of ecosystem services, such as flood control. 
Although semi-natural grasslands have important biodiversity value, agriculturally productive 
improved areas typically rely on a very limited number of species of grasses and legumes. In 
Europe, the major grasses are Lolium and Festuca species, together with Phleum pratense L. and 
Dactylis glomerataL. The major legumes are Trifolium repens L. (white clover) and Trifolium prat-
ense L. (red clover) in western and northern Europe, and various Medicago species, including M. 
sativa L. (alfalfa; lucerne) in southern areas. These forage species are often long-lived perennials, 
e.g. L. perenne and T. repens. Their occurrence is not restricted to agricultural production areas 
(unlike many arable crops), but occur widely in semi-natural landscapes. Many forage grasses 
and legumes are outbreeders and populations contain high levels of heterozygosity.
In many cases, forage species form a dense sward consisting of grass tillers and clover 
stolons. This, together with typical land management practices, whether cutting regularly or 
grazing with sheep or cattle that prevent flowering, means that recruitment from seed is usu-
ally at a low level. Many forage species have a spreading habit, and this is particularly true of 
white clover, where the stoloniferous habit allows the plant to ‘invade’ adjacent patches. This 
vegetative spread may result in dominance by a few clones, so the genetic variation contained 
within an area (and hence the effective population size) may be considerably less than that 
expected on the basis of plant numbers alone.
Many grassland crops are relatively little changed as a result of ‘domestication’. This, to-
gether with their ubiquity across landscapes, means that the definition of ‘wild relative’ is not 
straightforward. So, for instance, L. perenne crosses with relative ease with L. multiflorum Lam.
However, the latter is an agricultural species that can also occur in adjacent semi-natural habi-
tats. For other species, the distinction is clearer and details will be given later of cases where 
hybridization between forage crop and wild relatives may occur.
Genetic erosion in forage species
The use and management of grasslands in Europe has changed dramatically since 1945. The 
major changes have been the intensification of production and the improvement or conversion 
of less-productive grasslands. This has resulted in a decline in biodiversity of plants and animals 
at all trophic levels. It seems clear, therefore, that the major threat to semi-natural populations 
of forage species is one of habitat loss.
With respect to the maintenance of within-species variation – with its potential for the 
future genetic improvement of forage crops – this loss of habitat is likely to be of considerable 
importance. In most cases, only a few non-cultivated species hybridize with forage crops, and 
it is possible that the loss of diversity in these species may also have an impact in the future in 
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this regard. However, with some notable exceptions, the use of such species for introgression of 
important traits into crops is limited at present and, as mentioned above, the crops themselves 
contain high levels of genetic variation within their gene pools. However, it would be clearly 
unwise to extrapolate from this situation and to draw conclusions about future needs, given 
that agriculture is entering a period of major change following European Union (EU) Com-
mon Agricultural Policy (CAP) reform. In addition, many relatives of forage crops may have 
considerable conservation value within Europe in their own right.
A case study in using germplasm from sites of potential
genetic erosion
The likely loss of genetic material from changes in agricultural practice is one possible criterion 
in the choice of collection sites. At the Institute of Grassland and Environmental Research (IGER) 
in recent years this has led to trips to Bulgaria, former Czechoslovakia and Poland. These visits 
anticipated such agricultural practice changes, particularly those likely consequent to accession 
to the EU. Although the policy framework of agriculture within the EU has changed considerably 
within the last few years, it seems likely that the assumption of change will hold true to some 
extent at least. A further element in the rationale for these expeditions was the expectation that 
traditional managements would favour germplasm with traits of interest for future varieties 
for UK agriculture, with considerable emphasis on resource use efficiency, biodiversity and 
reduction in nitrogen and phosphorus pollution of waterways.
As an example of collection and evaluation of germplasm, we consider a trip to Poland in 
1990, and focus on T. repens. Forty-four populations of this crop from areas under traditional 
managements were collected and, following regeneration, characterized at IGER under field 
conditions as individual plants for a range of traits: leaf size, height, spread, flowering date, 
flowering density, disease, rooting, tolerance of grazing and winter damage. Following an ini-
tial evaluation in mixed swards with L. perenne under a cutting management, four populations 
were selected (coded Ac 4162, Ac 4164, Ac 4174 and Ac 4179). These populations, together with 
suitable control varieties of good agronomic performance, were then further evaluated under 
grazing (Table 1).
Table 1. Evaluation of four selected populations and controls under continuous sheep grazing
Dry matter yield of T. repens L. (kg/ha)
Population 2nd year 3rd year
Ac 4162 1415   788
Ac 4164 1944 1473
Ac 4174 2271 1681
Ac 4179 2424 1850
cv. S184 3176 2924
cv. Menna 2902 1458
From this, the population with the best performance for the target management was cho-
sen. This management reflected one aspect of the likely future use of forage legumes in the 
UK. Higher resource use efficiency allowing reduced inputs (e.g. of phosphorus fertilizer) 
and hence lower levels of diffuse pollution is a key breeding objective. Populations collected 
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under traditional grassland management involving, for example, moderate applications of 
slurries or manures may represent genetic variation that will be very useful in this regard. 
Clearly, although only one or two populations may be used as contributors to the synthesis 
of new varieties, much more of this variation is conserved in the genebank through such 
collections.
From within the selected population, 200 plants were further evaluated as individuals and 
17 chosen as having characteristics that could be usefully incorporated in future varieties. 
Further evaluation of lines produced from crosses involving these 17 plants was carried out, 
again under sheep grazing, commencing in 2003.
Wild relatives of Trifolium repens L.
During the collections referred to above, a number of species related to white clover were also 
collected: T. fragerifum L. (strawberry clover), T. angustifolium L. (narrow clover), T. vesiculosum
Savi (arrowleaf clover) and T. spadiceum L. (large brown clover). These are of conservation 
value but only a small number of related species can hybridize with white clover. Two of these, 
T. nigrescens Viv. (ball clover) and T. occidentale D.E. Coombe, are putative diploid ancestors of 
the allotetraploid white clover. As such, they cross-pollinate, but produce triploid progeny. 
Nonetheless, crosses with T. nigrescens are being used in the white clover breeding programme 
at IGER. This species is a profusely flowering annual, and hybrids with white clover, although 
triploid, can be backcrossed to produce later-generation hybrids that are very similar to white 
clover but have higher seed yield.
A less closely related species, which features in white clover improvement programmes both 
at IGER and in New Zealand, is T. ambiguum Bieb. (kura clover; Caucasian clover). This hybrid-
izes with white clover with extreme difficulty, necessitating ovule culture. It is a rhizomatous, 
highly persistent species and third-generation backcrosses to white clover as the recurrent parent 
are considerably more drought tolerant than the white clover parent. Finally, T. uniflorum L. is 
a tetraploid wild relative that hybridizes with white clover with difficulty.
Lamont et al. (2001) described the following agricultural and non-agricultural species as 
priorities for in situ conservation of clovers in Europe: T. fragiferum L., T. repens L., T. cherleri L.,
T. hirtum All., T. subterranean L. and T. pratense L.
Genetic erosion: summary for white clover
Genetic exchange between a crop and its wild relatives is unlikely to have a significant im-
pact since few species will cross, and of those that do, interventions such as ovule culture 
are needed in most cases. F1 hybrids are of low fertility.
In situ conservation of T. ambiguum, T. nigrescens and of the immense genetic diversity within 
the species itself is high priority with respect to white clover germplasm improvement.
It is possible that in the future some related species may become of greater agricultural 
significance in their own right.
Genetic ‘pollution’
For the major forage species, genetic exchange between introduced varieties and semi-natural 
populations is likely to be common. Exchange with related species would be expected to be 
much rarer and often resulting in hybrids of low fertility.
Warren et al. (1998) developed a case study of the extent of genetic exchange between intro-
duced and semi-natural grasses. Using isozymes, they compared genetic variation in dispersed 
semi-natural UK populations of the widespread perennial ryegrass (Lolium perenne L.) with that 
of Agrostis curtisii Kerguélen, which has a limited distribution in southern England. Differences 
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A. curtisii, geographically adjacent populations were more genetically similar, but this was not 
the case for L. perenne. The authors interpreted the results as evidence of gene flow from intro-
duced varieties into semi-natural grasslands, e.g. plant populations originally from Romney 
Marsh in Kent, eastern England, were spread by incorporation in new varieties developed at 
Aberystwyth in mid-west Wales. It is important to note, however, that there was no apparent 
major impact on the ecology of this or other species as a result of this genetic exchange. There-
fore the term ‘pollution’ seems unnecessarily pejorative.
Effects of differences in the genetic variability of forages on
other species
Changes in genetic variability in species such as the forage grasses and legumes might be 
expected to affect species at different trophic levels. A comparison was made between inverte-
brate communities supported by modern varieties of L. perenne and T. repens, and those present 
on much older varieties or landraces. Invertebrate counts were made at three different levels 
of applied nitrogen (N). Figure 1 shows that, for L. perenne, differences between the modern 
variety AberDart and the older variety Fennema, produced more than two decades ago, are 
small and much less than the effects of N fertilization. Differences due to N were not as pro-
nounced for white clover (Figure 2), and the landrace Kent Wild White had slightly increased 
invertebrate levels.
The results reinforce the idea that the effects of genetic change, and by extension gene flow, 
on ecosystem function cannot be assumed but needs to be measured.
Demonstrations of genetic ‘pollution’ – defined as detrimental effects on ecosystem func-
tion – caused by gene flow appear few. Other questions important for future work in this area 
include:
Figure 1.  Effect of Lolium perenne variety and nitrogen status on invertebrate 
numbers. The first column represents the high-nitrogen treatment, second column 
is the low-nitrogen treatment, and third column is the organic-no nitrogen treatment.
Mean invertebrate numbers per pitfall trap are represented from the bottom up as: Coleoptera, 





















AberDart AberElan  Aubisque Fennema
Lolium perenne variety
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It is now commonplace to use DNA-based approaches to assess genetic change, but in many 
cases a key question is ignored: what are the relationships between molecular diversity and 
diversity in important traits that may be under strong selective pressure?
Is hybridization likely to upset clines of adaptive significance, and what are the best ap-
proaches for testing this?
What are the effects of reduced fertility, e.g. through hybrid formation, on conservation 
strategies for crop wild relatives?
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Figure 2.  Effect of Trifolium repens variety and nitrogen status on invertebrate numbers. 
The first column represents the high-nitrogen treatment, second column is the low-nitrogen 
treatment, and third column is the organic-no nitrogen treatment. Mean invertebrate numbers 
per pitfall trap are represented from the bottom up as: Coleoptera, Hemiptera, Diptera, Mollusca, 
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Introduction
Natural grasslands do not occur in Norway, and all grasslands with their species and genetic 
diversity have been created and developed through agriculture. This means that if agriculture 
ceases the diversity will be lost.
The Norwegian wild flora consists of about 1800 vascular plants; of these, 600–700 species 
are found in permanent grasslands (pastures or extensively managed meadows). About 350 
species are exclusive to such biotopes. A number of these species are crop species or crop-
related species of socio-economic value. Species and genotypes of forage and fodder plants, 
such as grasses and legumes, are particularly important for Norwegian agriculture. Even a short 
review of Norwegian agricultural history underlines the importance and value of the biologi-
cal and genetic diversity developed in grasslands. Livestock was introduced about 6000 years 
ago, open fields without trees and bushes developed, and accordingly new species adapted to 
the Norwegian climate and conditions in the altered landscape. Use of manure from livestock 
as fertilizer in ploughed fields was introduced some 2000 years ago, and through selection of 
adapted seeds of forage and fodder crops, farmers increased the diversity and value of grassland 
species. This means that, over 6000 years, species have adapted to open grasslands through 
grazing or mowing, or a combination of both, and a broad diversity of species and genotypes 
has developed. This evolution has taken place countrywide, and the wide range of climatic and 
edaphic conditions – from south to north, from lowlands to mountain areas, and from coastal 
oceanic to inland continental – contribute to the extreme variation in genetic features.
This diversity is now endangered. Due to major changes in agricultural practice within farms, 
and also the fact that large numbers of farms all over the country are being abandoned, the oc-
currence of habitats available for the diversified flora of species adapted to grasslands has been 
quite dramatically reduced. The use of natural grasslands for grazing is decreasing, and this is 
also the case regarding mowing of permanent grasslands for fodder production. This causes 
serious concerns about the destiny of species and about genetic variation within species.
The seriousness of the process can be illustrated with some facts. The use of outlying fields 
for grazing has decreased by 50% over a 20-year period, and the number of mountain farms 
has fallen from approximately 45 000 in 1900 to only 1000 in 2000 – a reduction of more than 
97% in 100 years. There has also been a continued general decline in fields being grazed closer 
to farms, such as forest pastures and smaller and fragmented fields. EU regulations, with their 
requirements for minimum grazing periods for animals, may to some extent increase the use 
of pastures, but mowed meadows, especially in regions with steep and hilly landscapes, will 
continue to vanish.
Two kinds of light open fields with a high diversity of grassland plant species have become 
widespread. These are the mowed meadows, which could be referred to as the “landscape of the 
scythe”, which are harvested for winter fodder supply, and the grazed pastures – “landscape of 
the muzzle” – that are used for summer fodder. In addition to these habitats under agricultural 
influence, grassland species can also be found in mowed marshes and on seashores; however, 
such agriculturally-influenced ecosystems are increasingly rare.
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Agricultural influence on growing conditions
Both mowing and grazing keep the landscape and the fields open and prevent re-forestation, 
but they have different impacts on the growing conditions in the field, and this is reflected in 
species content. One major difference is that animals are selective when grazing pasture, feed-
ing on only some species, while mowing equipment cuts all species. Tasty, juicy and nutritious 
species are preferred by the animals, while poisonous, bad tasting, woody plants and plants 
with thorns are left untouched. Grazing therefore alters the species composition in favour of 
the plants rejected by the grazing animals.
Another difference is that because of the absence of manuring by grazing animals, more 
plant nutrients (nitrogen and phosphorus) are removed from mowed fields than from grazed 
fields. This causes leguminous plants and less nutrient-demanding plants to dominate a mowed 
field. Further, because of animals trampling the field, sensitive plants suffer in grazed fields and 
survive more easily in mowed fields. In contrast, some plant species with seeds that require 
uncovered soil to germinate can establish in grazed fields, where there are patches of open soil 
caused by the trampling animals.
In addition to these differences, the specific grazing or mowing practice can change conditions 
significantly and result in differing species content. An example would be the time of mowing or 
grazing in relation to the plants’ reproductive cycle, and the fact that different kinds of animals 
have different preferences in choice of plants, and graze plants in different ways.
This huge diversity in grassland habitats and agricultural practices is reflected in genetic and 
species diversity, and the challenge is: “How can this diversity be conserved for the future?”
Plant species in grasslands
Permanent grasslands are the only habitat for many plant species in the Nordic region. This 
includes endangered species, forage and fodder species – where the plants represent a valuable 
gene pool for breeding – and other plants of socio-economic importance. Examples of critically 
endangered and Red Listed plants with grasslands as their only habitat are:
Ajuga reptans L.
Botrychium simplex E. Hitchc.
Carex extensa Good.
Herminum monorchis L. R.Br.
Isolepis setacea (L.) R.Br.
Liparis loeselii (L.) Rich.
Listera ovata L.
Melampyrum cristatum L.
Nigritella nigra (L.) Rchb.f.
Vulpia bromoides (L.) S.F.Gray
Plant species used as forage and fodder crops in Norway and with an important gene pool 
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The Nordic Gene Bank and the Nordic countries are currently evaluating their plant genetic 
resources of medicinal and aromatic plants (MAP), and considering how to proceed in a pro-
gramme for conservation and extended exploitation. Extensively managed grasslands are the 
major habitat for several MAP species, and broad genetic variation is required for developing 
optimal production based on appropriate genotypes. Species of interest include:
Achillea millefolium L.
Allium oleraceum L.








Changes in agriculture as a cause of reduced distribution of
certain species
When agriculture ceases, increased humidity and a higher level of organic matter and nitrogen 
in the soil can be observed for a short period. This often causes an increase in the number and 
size of many flowering species, while at the same time small and light-demanding plants with 
a short life cycle suffer and disappear. New species establish and slowly suppress and displace 
the original grassland flora. As reforestation proceeds, all light-demanding species are sup-
pressed and the genetic resources of these habitats are lost.
Within the context of the PGR Forum project, change in distribution and habitat loss of some 
species has been assessed. In Norway, the medicinal plant Arnica montana L. has been included. 
The growing conditions required by A. montana are anthropogenic, light, open areas with nutri-
ent-poor and acidic soils. The habitats preferred are grasslands such as hay meadows, pastures 
and coastal heathland. There has been significant habitat loss over the last 50 years, caused by 
change of land use. A. montana is now on the Norwegian Red List, with status DC (declining; 
care demanding), and if the current trend in changes in agriculture continues, the distribution 
of A. montana will be even more reduced.
Another example from the Norwegian flora is Mountain Everlasting, Antennaria dioica (L.) 
Gaertn., which can be considered as an indicator for any species that, in order to maintain effec-
tive reproduction, needs to be numerous and widespread. Within the Norwegian Programme 
for Plant Genetic Resources, previous records of A. dioica were re-investigated in 2002. It was 
clarified that the species had disappeared from a number of locations due to the cessation of 
agriculture, and that male individuals dominated in some remaining populations. The remain-
ing populations were more isolated, and re-introduction of individuals less likely. It could 
therefore be assumed that a decline in population size and a change in population structure 
could accelerate when A. dioica and ecologically comparable species are no longer as numerous 
and widespread as formerly.
Efforts in the Norwegian PGR Programme
Genetic diversity in fodder plants has not been fully investigated in Norway, but collection 
missions have been carried out and seed samples from agricultural and semi-wild populations 
of the most economically important crops are now stored in the Nordic Gene Bank. However, 
in addition to seed samples in the gene bank, the Norwegian programme for Plant Genetic Re-
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A network of grasslands with different growing conditions and maintained through traditional 
farming methods would serve as an in situ gene bank for agricultural crops.
A pilot project, including mapping and evaluation of old grasslands with grass and legume 
species, has been implemented in three counties. The documentation gathered includes botani-
cal data and edaphic and climatic conditions. Agricultural history and management practices 
are also examined. Three criteria are important when grasslands are considered for a future 
gene bank role:
The field should have been unploughed for at least 20 to 30 years, and the field must have 
been farmed continuously in this period, without periods of fallow.
Taken together, the localities must represent a diversity of habitats with regard to climate, 
altitude, soil conditions and topography, and also for farming methods, such as mowing 
methods, grazing animals, fertilizing, etc.
A farmer committed to continued and traditional use of the grassland should be identified.
The Norwegian PGR programme has developed guidelines for registering and evaluating 
relevant grasslands. Further, management plans will be developed for fields prioritized for a 
future in situ gene conservation role. In general, the recommendations will be to continue the 
farming practice that traditionally has been used: mowed fields should be harvested at the 
same time each year, and grazed fields should be grazed with the same number and kind of 
domestic animals. However, some degree of flexibility will be necessary, and the management 
plans will include efforts to be implemented when the grazing pattern or some other manage-
ment practice has to be changed. Measures must also be available to be implemented if the 
botanical content of the field is altered, e.g. if new species are invading or if rare species are 
suffering. The farmers should, to some extent, monitor developments in the field and should 
be aware of changes that could require special measures.
The national PGR programme hopes to establish a network of in situ sites, comprising be-
tween 1200 and 2000 grassland areas. To ease the task of monitoring the maintenance of this 
number of fields, it will be necessary to cooperate with other programmes and authorities dealing 
with maintenance of the agricultural landscape. Biodiversity values in agricultural and semi-
wild land have been registered and monitored during the last 20 years, and farming subsidies 
have to some degree been modified in order to promote maintenance of a diverse agricultural 
landscape. Guidelines from the national PGR programme on maintenance of grasslands will 
include recommendations on using existing subsidies to encourage traditional farming, and 
how such fields can be included in conservation programmes carried out by national and local 
agricultural and environmental authorities. The Advisory Board for Plant Genetic Resources 
will also give recommendations to the Ministry of Food and Agriculture on how subsidies and 
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Abstract
Wild species of Old World cottons, Gossypium spp. L., are confined to Africa and the Arabian 
Peninsula. Investigation and revision of specimens in 11 world herbaria revealed that 12 wild 
and 4 cultivated species occur in the area. The wild species are confined to the semi-desert 
areas of the tropical belt between latitudes 20°N and 25°S, with a hiatus in Zaire and the north 
Zambezian basins. Some species are widely distributed, but most of them are restricted and 
threatened. Based on herbarium and floristic data, and other literature sources, distribution 
maps were plotted. The distribution of the wild species was compared with the vegetation 
map of Africa (White, 1983), and remarkable agreement was found between the areas of the 
distribution and several phytochoria or mapping units. This comparison suggests a possibly 
wider distribution of these species than currently recorded. The regions where the species are 
endangered by desertification, grazing, agriculture or other activities, or the areas where the 
species are very limited in distribution and endemic to them, were designated as of first priority 
for collecting. These are mainly: the Aïr Massif, Niger (and the northern Sahel throughout); 
the coastal strip and adjacent mountains of Yemen; central Somalia, and the frontier region 
of Somalia, Ethiopia and Kenya; Meshra el Zerav, Sudan; Nondwa and Ruaha National Park, 
Tanzania; and Santo Antão, Cape Verde Islands. Civilization pressures, especially overgraz-
ing and vegetation depletion for agricultural purposes, together with climatic changes, could 
cause complete extinction of those valuable species and genetic resources. Examination of 
germplasm collections of USDA (USA), IRCT (France), Zimbabwe and the Israel Gene Bank 
revealed that African and Arabian cotton germplasm is very poorly represented, and it is 
likely that a similar situation exists in other collections. The world research and conserva-
tion community should be aware of this and rescue the last Gossypium fragments, if it is not 
already too late.
Introduction
Africa is the continent with the highest diversity of cotton germplasm. Native species of 
at least four genomic groups (A, B, E, and F) are spread throughout the whole continent, 
including the Arabian Peninsula. Wild ancestors and related cotton species of America and 
Australia have been extensively studied, while the species from Africa and Arabia remained 
very poorly known. Their distribution was not correctly known, nor were the levels of any 
threats.
To fill the gap, a project was developed by Bioversity (Holubec, 1987, 1990, 1997) to:
map the distribution of wild species and naturalized landrace material (cultivation escapes); 
and
assess needs for their collection and conservation, and to establish priorities.
Material and methods
The major herbaria possessing Gossypium exsiccata, especially those of former colonial 
countries (K and BM, UK; P, France; BR, Belgium; COI and LISC, Portugal; and MO, NA, 
•
•
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NY and US, USA) were visited and all available data were accumulated in a computer-
ized database. Species determinations were reviewed (Tables 1 and 2). The collection sites 
were identified and geographical coordinates assigned based on a geographical gazetteer. 
Species distributions were plotted on maps in Miller’s oblate stereographic projection at 
a scale of 1:50 000 000 (Miller, 1953). The Vegetation Map of Africa (White, 1983) was used 
to match the species distribution with various mapping units (Table 3). The borders of the 
mapping phytochoria were digitized and superimposed on the distribution maps (Figures 
1 to 3). Sprintsky and Snyder (1986) provided the algorithm applicable for the computer 
graphics. The program and maps were generated at the Computing Center of Texas A&M 
University, USA.
Table 1. Summary of herbarium or literature records of Gossypium and Gossypioides species in 
individual regions of Africa and the Arabian Peninsula
Area of collection
SEAf SWAf Sahel TEAf Arab Mad TWAf CVerd Isl NAf Total
Gossypium
anomalum   91   60     2 153
arboreum     1   29     8   6   7   23 1   75
areysianum 11   11
barbadense     7   18     4     9   7   1 144   7   3 5 205
benadirense     4     4
bricchettii     4     4
capitis-viridis   9     9
herbaceum   10     8   7   12   37
herbaceum
var. africanum
115   13 128
hirsutum     9     7   29   23   7   4   61 19 26 1 186
incanum     1   9   10
longicalyx     1     8     9
somalense   21   36   57
stocksii     7   6   13
triphyllum     3   30   33
trifurcatum     2     2
Gossypioides
brevilanatum   4     4
kirkii   11   27   38
Total 145 160 154 139 53 16 240 35 29 7 978
Key to columns: SEAf = south-east Africa; SWAf = south-west Africa; Sahel = southern transition to Sahara; TEAf = 
Tropical eastern Africa; Arab = Arabian Peninsula; Mad. = Madagascar; TWAf = Tropical West Africa; CVerd = Cape 
Verde Islands; Isl = other African islands; NAf = North Africa.
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Table 2. Herbarium records of Gossypium and Gossypioides species from Africa and the Arabia 
Peninsula in herbaria visited
Herbarium BM BR COI K LISC MO NA NY P US pf Total
No. of 
exsiccata
74 113 39 251 89 81 6 15 169 46 22 905
Key to Hebaria: BM = British Museum; BR = Meise; COI =  Coimbra; K = Kew; LISC = Lisbon; MO = St. Louis; 
NA = National Arboretum,  Washington; NY = New York; P = Paris; US = Smithsonian, Washington; pf = personal 
herbarium of Paul Fryxell, College Station, TX, USA.
Table 3. Phytochoria and mapping units after White (1983) in which African species of Gossypium occur
Phytochorion Mapping unit
The Sahel regional transition zone
Sahel semi-desert grassland and shrubland 54a
Sahel Acacia wooded grassland and Acacia deciduous bushland 43
The Somalia–Masai regional centre of endemism
Somalia–Masai semi-desert grassland and shrubland 54b
Somalia–Masai Acacia–Commiphora deciduous bushland and thicket 42
The Karoo–Namib regional centre of endemism and transition to Kalahari
The Namib desert 74
Bushy Karoo shrubland 51
Transition from Colophospermum mopane scrub woodland to Karoo–Namib shrubland 36
Kalahari/Karoo–Namib transition 56
The Zambezian regional centre of endemism
Colophospermum mopane woodland and scrub woodland 28
Zambezian undifferentiated woodlands 29
Results and discussion
Taxonomy of African and Arabian species of cotton
Two genera are included: Gossypium and Gossypioides. The genus Gossypioides was formerly 
confused with G. herbaceum because of some morphological similarities, but its chromosome 
number is different.
The taxonomic treatment of the genus Gossypium was accepted as proposed by Fryxell 
(1979), with the following changes:
Gossypium herbaceum var. africanum was accepted at the subspecies level, as proposed by 
Mauer (1954).
Subdivision of G. somalense into the species G. somalense, G. benadirense and G. bricchettii was 
adopted, as suggested by Vollesen (1987).
G. trifurcatum, described by Vollesen (1987), was included in the subgenus Gossypium.
Simple keys were developed for distinguishing the genera Gossypium and Gossypioides and 
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The species concept
Subgenus Sturtia (R.Brown) Todaro genome
Section Hibiscoidea Todaro
  Gossypium triphyllum (Harv. ex Harv. & Sonder) Hochr B2
Subgenus Gossypium
  Gossypium trifurcatum Vollesen ?
Section Gossypium
Subsection Gossypium
  Gossypium arboreum L A2
  Gossypium herbaceum L. A1
  Gossypium herbaceum L. ssp. africanum (Watt) Mauer A1
Subsection Anomala Todaro
  Gossypium anomalum Wawr. ex Wawr. & Peyr B1
  Gossypium capitis-viridis Mauer B3
Section Pseudopambak Prokhanov
Subsection Pseudopambak
  Gossypium stocksii Mast. in Hook E1
  Gossypium somalense (Gürke) J.B.Hutch E2
  Gossypium benadirense Mattei E
  Gossypium bricchettii Ulbrich E
  Gossypium incanum (Schwartz) Hillc E4
  Gossypium areysianum Defl E3
Subsection Longiloba Fryxell
  Gossypium longicalyx J.B.Hutch. & Lee F1
Subgenus Karpas
  Gossypium hirsutum L. (AD)1
  Gossypium barbadense L. (AD)2
Distribution of species of Gossypium
The maps in Figure 1 were drawn on the base of specimens collected and in herbaria. In general, 
it is possible to conclude that wild species of Gossypium are restricted in their distribution to the 
tropical belt between latitudes 20°N and 25°S. They are confined to semi-desert regions, so their 
distribution is disjunctive with hiatuses in Zaire and the north Zambezian basins. G. longicalyx,
and partly G. herbaceum ssp. africanum, tend to occupy slightly more mesophytic habitats. All 
references to mapping units refer to White (1983).
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The Sahel regional transition zone
Phytochorion includes:
1. Northern distribution of G. anomalum.
2. Northern distribution of G. somalense.
The distribution of G. anomalum (the northern 
type) matches very closely the Sahel regional transi-
tion zone. The westernmost occurrence is specimen 
Georges 13566 in Akjoujt village. This site is only 
200 km from the Atlantic coast. The second far-
western locality is between Bassi Nguidi and Mal, 
at about 300 km from the coast. This suggests the 
possibility of an even more easterly distribution of 
this species. However, this is a tentative expectation, 
as only three specimens were found that had been 
collected in Mauritania. The site of Georges 13566 is 
on the border of the Sahel and Sahara transitional 
zones, in mapping unit 71 at an altitude of 150 m.
The label notice suggests occurrence of G. anomalum
in crevices. Specimen Monod 1943 was also collected 
on the border of the Sahara transition zone, within 
mapping unit 54a, in semi-desert grassland and 
shrubland. Specimen Mosnier 715 seems to be the 
lowest-lying collection (altitude <l00 m), on sandy, 
rocky places, most likely within deciduous bushland 
(mapping unit 43).
Collections of G. anomalum in Mali are mostly 
confined to the more populated region along the 
Gao-Mopti road. The presence of the road is probably 
not the only reason for greater collecting activities 
in this region. There are several small ranges of hills 
over 500 m altitude along the road, of which the 
Mts. du Hombori are the highest, and which seem 
to offer suitable habitats for G. anomalum. Two col-
lections were from the Niger basin (#515 and Boudet 
7008), but in both cases the habitats were arid – on 
cliffs of lateritic blocks or in depressions between 
dunes. Most of specimens were collected within 
Acacia wooded grassland and shrubland, mapping 
unit 43. No specimen has been seen from the moun-
tain plateau Adrar des Iforas, where this species 
could be expected. Also, the SE part of Mali seems 
to be promising for future collecting because it has 
a very divergent physiography and one specimen 
has already been collected from the surroundings 
of Menaka (Leclercq 42802).
Burkina Faso reaches the Sahel transition zone 
in its most northern part. Three collections were 
made by Toutain (1632, 1655 and 1718) in a relatively 
small area. Regarding the habitat, the notes stated 
Figure 1. Distribution maps for genera 
Gossypium and Gossypioides in Africa 
and Arabia.
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‘on rocks’ or ‘basic ground’. A larger distribution might be expected on the plateau along the 
border of Mali, north of the Dori-Djibo road.
The distribution of G. anomalum in Niger seems to be very wide. Collections were mostly 
made within Acacia wooded grassland and shrubland. Habitats were mostly in plains on laterites, 
or in land depressions. G. anomalum was found also in the Aïr Mountains up to an altitude of 
1400 m (Fabregues and Lebrun, 1976) within semi-desert shrubland, probably deciduous bush-
land. The Aïr Mountains are also the most western reported limit of distribution of G. somalense.
Popov (#86) collected this species in Agades at over 500 m elevation on rocky slopes. Fabregues 
and Lebrun (1976) reported occurrence in Massif Tarouadji at an altitude of 800 m.
Collections of G. anomalum in Chad comprise two regions: from east of Lake Chad to Lake 
Fitri, and Ennedi and Ouadi plateaus. The former region is flat, about 200 to 300 masl. Habitats 
were described as a ‘shrubby savanna on sand’. The latter region is higher (>600 masl) and 
includes the Ennedi and Ouadi plateaus. G. anomalum was collected on rocks and in plains 
around wadis at the bottom of the valley and on the top plains. These plateaus extend to Sudan 
in Darfur, but no collections have been seen from the western slopes. Carvalho and Gillet (1960) 
referred to a very abundant occurrence of G. anomalum at Plateau Basso, on the top of Ennedi. 
G. somalense was collected only in the Ennedi Mountains. Specimens examined were from thew 
western slopes of Ennedi-Fada and from the north-eastern part, Gouro. P.C. Hutchinson (#86) 
described habitat between Fada and Basso as an open sandy plateau with savannah and Acacia
type vegetation, beside dried wadi bed.
In Sudan, all reported specimens of G. anomalum were collected in the Sahel region from the 
western slopes of Darfur Plateau to the Nile in Khartoum.
According to Knight (1949), the distribution of G. anomalum and G. somalense covers a belt 
across the Sudan between the 125 and 500 mm annual rainfall isohyets. The northern, more 
arid, fringe of this belt runs from jebel top to jebel top across the northern parts of Khartoum, 
Kordafan and Darfur Provinces. Southward, with increasing rainfall, these species are to be 
found on qoz land (fixed low dunes or ridges of sand or grit), and still further south on mature 
sand plains. Description of this area seems to be in agreement with the Sahel transition regional 
zone of White (1983). All recorded specimens were collected within the Sahel zone.
Knight (1949) described four typical sites for G. anomalum and G. somalense in Sudan. 
The most northern and the most arid (rainfall 125 mm/yr) site, Jebel Merkhayat, comprises 
a group of hills of Nubian sandstone, with a rugged broken surface. Both species grow on 
tops and upper slopes in crevices at sides of gullies and at the foot of vertical rockfaces. The 
younger plants of both species have a wider range of microhabitats, but old plants are only 
found where conditions are such as to give maximum value to the scanty rainfall.
Jebel Katul and Jebel Abu'Asal sites are also confined to the Sahel semi-desert grassland and 
shrubland (mapping unit 54), but with more rainfall (300 mm/yr). Plants were growing on 
rocky slopes, often in places that would retain some moisture after rain.
The fourth example locality, Fertangul, was an Acacia wooded grassland and deciduous 
bushland zone with rainfall of 400 mm/yr. G. anomalum was found growing thickly in a 
slight depression in a sandy plain, where water was said to stand for about three hours after 
rain. These plants were tall, up to 2.4 m.
It is interesting that neither G. anomalum nor G. somalense have been reported east of the Nile 
in Sudan. Only G. anomalum was collected in the far eastern Sahel in Ethiopia along the upper 
river Baraka (Garavaglia 799, Steudner 1134).
The Somalia–Masai regional centre of endemism
Phytochorion includes:
1. South-eastern distribution of G. somalense
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3. Entire distribution of G. bricchettii
4. African distribution of G. stocksii
5. African distribution of G. incanum
6. Southern distribution of G. longicalyx
7. Distribution of G. trifurcatum
The distribution of G. somalense s.l. seems to be disjunctive according to the present day 
known collection sites. The distance between the closest localities is over 1000 km across the 
mountains of Ethiopia. The south-eastern distribution follows almost invariably the Somalia-
Masai Acacia-Commiphora deciduous bushland and thicket (mapping unit 42), which is in fact 
an extended belt of Sahel Acacia wooded grassland and deciduous bushland (mapping unit 
43). These two mapping units are connected on the far northern border of Ethiopia and Sudan, 
near Karora, but there is no evidence of distribution of G. somalense east of the Nile in Sudan, 
nor in northern Ethiopia in the connecting strip (mapping unit 42). It seems to be very likely 
that G. somalense grows there, and thus further floristic investigation of this area would be 
desirable.
G. somalense was most collected in the plains in the Ethiopia–Somalia–Kenya border area 
(Sidamo-Dolo, Mado Gashi El Wak, Upper Juba). The sites are described as slopes or tops of 
low hills or outcrops of limestone, marble, gypsum or sandstone rocks, with thin soils, bare, 
white, gypsaceous or red sandy or loose scree in dry wadi beds in Acacia-Commiphora, Jatropha-
Commiphora, Commiphora-Boswellia, Euphorbia bushlands or Acacia-thorn bush.
The distribution extends to central Kenya (Meru National Park). It grows on limestone or 
alkaline lava soils, and also on Precambrian rocks at an altitude of 500–550 m in Acacia wooded 
grassland or in Acacia-Commiphora bushland. The annual rainfall of the area is very variable 
(287 mm to 1362 mm; average 724 mm) (Ament, 1975).
G. somalense was also collected in the Turkana plains of northeast Kenya, where it grows 
commonly under more arid conditions than in Meru, in Acacia-Commiphora bushland. Vollesen 
reported frequent ocurrences of G. somalense along the river Uebi Scebelli, north of Mogadishu, 
Somalia. This extends to Ogaden, Ethiopia.
One specimen was collected in the valley of the river Awash between high mountains in 
Ethiopia. This site is in a narrow strip of Acacia-Commiphora bushland that connects to the Sahel. 
It was described as old lava field with a dense cover of Acacia senegal bushland.
G. benadirense grows in Upper Giuba in Somalia, southern Ethiopia and along the Uebi 
Scebelli river. It occupies principally similar same sites on limestone rocks as G. somalense.
The distribution of G. bricchettii represents an eastern extension of the area of distribution 
of G. somalense. It grows in northern Mudugh and south of the Nogal Valley in Somalia. No 
evidence of distribution is known from Ethiopia, although it may grow in eastern Ogaden. 
The sites were described as plains or limestone slopes, overgrazed limestone-gypsum pave-
ment with grey soil, or around gypseous drainage hollows. The plant cover was Salvadorean,
Acacia-Commiphora open bushland. Gillet, Hemming and Watson (#21941) reported widespread 
distribution in the western part of central Somalia.
The African distribution of G. stocksii is restricted to the eastern part of Somalia. It occupies 
more arid sites than G. somalense s.l., almost invariably in Somalia semi-desert grassland and 
shrubland (mapping unit 54b), which is a south-eastern extension of the Sahel semi-desert 
grassland and shrubland (mapping unit 54a). The sites were characterized as limestone steep 
slopes, valleys or plains with water-holes on rocky soils. The plant cover was reported as 
Acacia tortilis-Commiphora-Caesalpinia bushland, or grassy depressions with Acacia spp., Cadaba
glandulosa and Euphorbia robecchii. Sometimes it is confined to spots where water persists after 
rain. No plants were reported from the coastal desert.
G. incanum is confined to the Arabian Peninsula, but a lone collection (slightly morphologi-
cally different from the Arabian material) was made in the western part of central Somalia, in 
72 Genetic erosion and pollution assessment methodologies
the Nogal Valley. The site is within the same mapping unit as for G. stocksii. It was described 
as limestone-gypsum plains, slopes, above mantles or water-courses, with various vegetation 
associations, namely Acacia-Commiphora, Sterculia-Capparis cartilaginea, Acacia-Jatropha-Euphorbia
and many others.
The eastern African area has rich and very diverse Gossypium germplasm. The far eastern 
part of Somalia is the location of a new species, G. trifurcatum. It grows probably in a small area 
(‘not seen elsewhere’, Gillet 23071) on limestone slopes in open Acacia-Commiphora bushland, 
where it is locally abundant. The site is in very arid zone bordering coastal desert and semi-
desert grassland (mapping unit 54b), even though Commiphora was reported there.
The last species of Gossypium reported from the Somalia-Masai centre of endemism is 
G. longicalyx. Its distribution seems to be disjunct. Several collections were reported from Great 
Ruaha Valley in the most southerly part of the phytochorion. Only one specimen was collected 
ca 1900 km north, in Meshra el Zeraf in Sudan.
The southern part of the distribution is a relatively small region extending from Ruaha 
National Park to Nondwa, central Tanzania. Its pedology is Precambrian rocks overlaid by 
neogene deposits. There are mainly weathered red-brown sandy soils (latosols) in well-
drained areas, or black clays in badly drained peneplain (vertisols). The climate is tropical, 
semiarid, with pronounced dry season from May to November. The annual rainfall is 650 mm 
(Bjornstad, 1976).
G. longicalyx was reported mostly from the Commiphora-Combretum zone between 700 and 
900 m, growing in open or closed bushland of Combretum sp., Terminalia stuhlmannii, Acacia
nigrescnes and Delonix elata, or from an Acacia seyal-A. melifera community in the vicinity of 
Nondwa. Its distribution appears to be very localized and uncommon.
The northern Sudan locality belongs to the Sudanian centre of endemism (mapping unit 
61, edaphic grasslands of the Upper Nile basin). It grows most likely on black clay soils where 
rainfall is about 750 mm (Knight, 1949). The collection has never been repeated since Brown’s 
(s.n., 1910) original collection.
The Karoo–Namib regional centre of endemism, and transition to Kalahari
The phytochorion includes:
1. Southern distribution of G. anomalum
2. Part of distribution of G. triphyllum
The southern distribution of G. anomalum is mostly confined to the Angolan and Namib part 
of the phytochorion. No plants were reported from the Cape Province part of the phytochorion 
in South Africa. Some collections were also reported in bordering transition zones with the 
Kalahari or Zambezian centres of endemism.
Most specimens from Angola were collected in Moçamedes desert and in Bushy Karoo-
Namib shrubland. In the coastal region, G. anomalum is found in halophytic vegetation or in 
coastal desert, largely disseminated along the coast, especially in rocky places. It often grows 
on littoral limestone hills and cliffs. Further inland it occupies banks of torrential rivers, alluvial 
areas or wooded grassland. It was found also in ruderal places and along roads.
In the Namibia border area it follows the river Cunene further inland, leaving the Karoo-
Namib phytochorion and reaching Colophospermum mopane woodland and scrub woodland of 
the Zambezian phytochorion. It is frequent around the Ruacana waterfalls.
In northern coastal Angola it was found also found on occasion outside the phytochorion 
in arid bushland (Welwitsch 5221). The most northern locality of G. anomalum is Cabinda (Gos-
sweiler s.n., K). This collection has never been repeated since 1919.
In Namibia, G. anomalum is mostly confined to the central and northern part of the phyto-
chorion and transition zones. It was collected less in the coastal zone and more in the Bushy 
Karoo-Namib Shrubland. The sites were described as limestone, dolomitic or granite broken 
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outcrops or rocky soils and sandy flats at the foot of mountains, or dry riverbeds. The north-
western part of the distribution reaches Colophospermum mopane woodland with Terminalia
pruinoides, Aristida uniglumis and Schimidtia sp.
Gossypium triphyllum has a smaller area of distribution, confined mostly to the transition 
zones with Colophospermum mopane and Kalahari, but it extends farther inland. It occupies 
the region from the river Cunene on the border of Angola and Namibia, south to the Wind-
hoek Mountains and inland up to the Aha Hills on the border of Namibia and Botswana. The 
transition zones, the Cunene valley and Windhoek Mountains are the regions where areas of 
G. anomalum and G. triphyllum overlap.
Generally, the area of distribution of G. triphyllum is more humid, with a higher chance 
of winter frosts (mean annual rainfall 470 mm; absolute minimum temperature -8.7°C in 
Ghansi; White, 1983). It occupies often limestone or dolomite outcrops or rocky flats with 
sandy red loam soil. The vegetation cover is mostly Colophospermum mopane woodland (‘open 
mopane veld’) or wooded shrubland, where Aristida uniglumis and scattered Acacia trees 
were present. In Botswana, it was reported from the rocky ground at the edge of a marshy 
patch (Story 6289). One specimen was collected at the roadside, but there are no reports 
from ruderal sites.
The Zambezian regional centre of endemism (part)
The phytochorion includes:
1. entire distribution of G. herbaceum ssp. africanum
2. part of distribution of G. anomalum
3. part of distribution of G. triphyllum
Only a part of the phytochorion will be reviewed, particularly mapping units 28 and 29, and 
a short account of mapping unit 16 from is included from the Zanzibar-Inhambane regional 
mosaic to cover the region of distribution of the wild species of Gossypium.
The area of distribution of wild G. herbaceum ssp. africanum is restricted to southern Africa, 
in particular the Zambezian regional centre of endemism phytochorion. It follows open (‘bro-
ken’) Colophospermum mopane woodlands and scrub woodlands (mapping unit 28) and is even 
more associated with undifferentiated Zambezian woodlands (mapping units 29c, d, e). It also 
extends up to the Indian Ocean to the east African coastal mosaic (mapping units 16 a, c).
The linkage of G. herbaceum ssp. africanum with these particular plant communities explains 
its limited distribution in southern Africa, and also offers a possibility of prediction of further 
occurrence. The considerable uniformity of morphological characters of G. herbaceum ssp. 
africanum, together with the distinctiveness of its area of distribution, supports its taxonomic 
separation at subspecies level. There are two separated systems of mopane woodland, one in 
the Limpopo-Zambezi basins, and a second in the Angola-Namibia Atlantic region. The dens-
est occurrence of G. herbaceum ssp. africanum is in the Limpopo basin, especially in subcoastal 
undifferentiated woodlands (mapping units 29d, e). It also follows the river Sabi, mainly the 
upper part. Distribution in the northern part of the mopane woodland along the river Zambezi 
seems to be very rare. The sites were described as sand dunes or flat sandy alluvial places, banks 
of torrential rivers and rocky soils, mostly in dry deciduous open woodlands or grasslands, 
often in semi-shade or shade of trees, and sometimes using them as a support. The Colophosper-
mum mopane communities were mostly open, rather bushy-like, with presence of grass. Acacia
woodland or Acacia-Commiphora communities were also often reported. The occurrence was 
mostly occasional, not very common.
The scattered occurrence of G. herbaceum ssp. africanum in Botswana is associated with remote 
open mopane woodlands around swamp pans. The sites were damp on clay soils in grasslands. 
Plants were supported with Acacia. Rarely, plants of G. herbaceum ssp. africanum were reported 
growing along the roadside in disturbed areas.
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In south-west Africa, the distribution was reported from south Angola, chiefly from 
the River Cunene valley. The sites were described as open bushy Colophospermum mopane
woodland, or clearings, on sandy light soils or on the bank of a water hole. It was noted that 
the fibres were used for local spinning or to apply medicine, and that plants were probably 
cultivated. It seems rather that wild plants were used or, if they were cultivated, then seed 
from the wild was used.
In south-eastern Africa the distribution of G. herbaceum ssp. africanum extends up to the 
Coastal mosaic, where it was reported from grassland, roadsides and from the margin of an 
Acacia xanthophlea community.
The east African coastal mosaic strip is the place where Gossypioides kirkii grows. Collectors 
sometimes confuse it with Gossypium herbaceum. Gossypioides kirkii occupies the coastal strip con-
tinuously from Kenya to Zululand. It grows in a very wide range of conditions, from arid sites be-
tween sand dunes up to the evergreen rain forest. It was also found in roadside communities.
Southern Arabia
The region includes:
1. entire distribution of G. areysianum
2. distribution of G. incanum
3. part of the distribution of G. stocksii
G. areysianum has a very limited area of distribution between El Kod and Shuqra (about 
70 km long) in southwestern Yemen. On the type locality, in Jebel Areys, the plants were found 
to be common in the beds of rocky watercourses, or at the bases of cliffs and rocky outcrops 
on barren volcanic hillsides at altitudes up top about 700 m. The vegetation was very sparse. 
Plants of G. areysianum were old, well established, and up to 3 m in height (Hearn, 1968).
The second habitat was on deep alluvial soils along watercourses at lower altitudes, down 
to sea level. It was reported from cotton fields, probably as a weed from the agricultural area 
in Abyan Delta. Hearn (1968) suggests that occasional flash floods could carry seeds to the 
secondary habitat. The plants in lower habitats do not usually persist because the land is either 
cultivated or grazed. The plants on volcanic areas have a better chance of survival because 
these areas are barren and therefore are free from competition from other vegetation and from 
grazing animals. Hearn also suggested a possible further occurrence of G. areysianum in the 
Wadi Bana catchment.
G. incanum has larger area of distribution (ca 500 km long) in the coastal area of central and 
eastern Yemen, from Mayfa’ah to Ras Fartak. The sites were described as sheltered valleys 
amongst mountains, 3.2 km inland or near the sea, or boulder wadi bed. It grows mostly on 
alluvial sandy soils often subjected to flooding. The reported sites are very remote and limited, 
but the plants occurred in relative abundance (Hearn, 1968).
One isolated locality of G. incanum in Somalia has already been mentioned in the description 
of the Somalia-Masai phytochorion.
G. stocksii in Arabia has a small area of distribution, isolated from the above listed species, 
although it occurs also in Somalia and in Pakistan and India. The area of distribution covers 
coastal south Oman within 50 km of Salalah. It grows on coastal cliffs, on stony shelf plateaus 
or in silty wadi beds. It was also reported to grow in shallow gullies below Acacias. It was 
frequent there, and heavily grazed.
The Cape Verde Islands
The region includes the entire distribution of G. capitis-viridis.
The type specimen was reported from São Tiago as a cultivated shrub. This is the only ref-
erence to this species in São Tiago. All other evidence of its distribution is from Santo Antão. 
That may suggest that the type locality was confused.
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In Santo Antao, G. capitis-viridis was reported growing in a depression close to settlement in 
a dry degradated habitat. It was rare there. Unfortunately, this is the only information concern-
ing habitat that was available.
Priority regions for collecting cotton germplasm
Africa and southern Arabia should be the areas of first priority for collecting germplasm of 
cotton worldwide. They have the greatest diversity of cotton germplasm, because Africa is 
believed to be a hypothetic centre of origin of the genus Gossypium (Saunders, 1961). However, 
this region has been explored the least.
It is desirable to plan collecting activities throughout the region of distribution so as to get 
as much genetic variability of a particular taxon as possible. Exploration should start at sites 
known from collections of herbarium specimens, and confirm the present occurrence. Collec-
tors should become familiar with the habitat, which will make further investigating of suitable 
habitats easier. Then some expedition time should be devoted to examine the regions where 
the occurrence of the taxon could be expected but the taxon has not yet been collected. It is 
important to examine the limits of the known area of distribution since greater genetic vari-
ability could be expected there.
Wild species are endangered by subsequent desertification at their ‘arid limits’ and by man 
(agriculture, grazing) at their ‘humid limits’ of distribution. This is particularly important in 
the Sahel, but also in the Kalahari and the Namib Desert. A similar situation may exist on the 
border of the coastal desert on the Somali peninsula, but not enough data are available to de-
termine the true situation.
On the basis of data from herbaria and from floristic and collector’s literature, suggestions 
for first-priority importance future collecting activity are presented in Table 4. It was decided 
to include populations endangered in their habitats and to include species with very limited 
distribution.
Table 4. First-priority areas for collection of Gossypium spp. in Africa (regions where taxon is 
endangered or very limited in distribution)
1. Niger (Aïr Mountains in northern Niger) and generally in the northern Sahel, primarily for 
G. anomalum and G. somalense, both of which are endangered by desertification, with 
only a few collections known. Additional species include G. hirsutum.
2. Yemen (Aden region and south-east coast) for G. areysianum  and G. incanum, which 
are very limited in distribution and may be endangered, and G. barbadense.
3. Somalia (central part) for G. benadirense, G. bricchettii, G. somalense, G. stocksii,
G. incanum and G. trifurcatum outside of cultivation or with limited distribution, or both.
4. Sudan (Meshra el Zerav) for G. longicalyx, only one specimen of which is known, 
reported in 1910. Additional target species include G. arboreum and G. hirsutum.
5. Somalia, Ethiopia and Kenya, particualrly the Kenya-Somalia frontier region (Upper 
Giuba), for G. benadirense (outside cultivation) and G. somalense.
6 Cape Verde Islands (Sao Antao and Sao Tiago) for G. capitis-viridis, whose distribution 
is very limited, together with G. hirsutum and probably G. barbadense, both very rare 
and probably endangered.
7. Tanzania (Southern Highlands, including Iringa, Nondwa and the Great Ruaha valley) for 
G. longicalyx, whose known distribution is very limited.
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Conclusions
Estimated species distribution was clarified by plotting of exact data from herbarium 
records.
Distribution most of species matches certain phytochoria and mapping units of the Vegeta-
tion Map of Africa.
Wild species of Gossypium are confined to the tropical belt between latitudes 22°N and 25°S, 
with hiatuses in the Zaire and North Zambezi basins.
The northern distribution of G. anomalum and G. somalense follows almost exactly the Sahel 
transition zone.
The southern distribution of G. anomalum matches the Karoo-Namib regional centre of en-
demism, with transitions to Kalahari and Zambezian regions north of 25°S latitude.
G. herbaceum ssp. africanum follows open Colophospermum mopane communities and adjacent 
undifferentiated woodlands in the Limpopo and Cunene catchments.
The southern distribution of the G. somalense complex is restricted to Somalia-Masai 
Acacia–Commiphora deciduous bushlands.
The African distribution of G. stocksii matches the Somalia-Masai semi-desert grassland.
The distribution of G. longicalyx is restricted to a small area of central Tanzania.
G. incanum occupies the coastal strip of southern Yemen, with one specimen found in the 
Nogal Valley, Somalia (Hemming & Watson 3156, K)
The distribution of wild species is restricted mostly to arid habitats, which are generally 
endangered by desertification and overgrazing.
The occurrence of species within the distribution area is rather rare or very rare.
The distribution of restricted species are known (i.e. have been collected) from a few or 
only one locality.
Presence of G. incanum and G. longicalyx in germplasm collections is based on only one 
sample; others, if present, are duplicates.
The small species G. benadirense, G. bricchettii and G. trifurcatum are probably not available 
in germplasm collections.
There is a serious danger of extinction for all the restricted-distribution species.
Collecting of all African and Arabian species should be considered an international priority 
for ex situ conservation.
In situ conservation, at least of restricted species, should be considered if it is not too late.
Compilation of a glossary of vernacular cotton names should help in collecting efforts.
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Introduction
The agronomic life of a fruit variety is closely linked with its cultivation. When farmers stop 
growing a specific variety, for example, to update the crop to changing market demand, then 
that variety starts disappearing, and the risk of genetic erosion is very high (Sansavini and 
Watkins, 1991). This occurs much more when the accession has specific propagation barriers. 
To prevent genetic erosion, currently, the varieties no longer cultivated are kept in germplasm 
collections, but in the past, when germplasm collections were less developed, the destiny of the 
declining accessions was only one: their loss. In this context, the role of ‘germplasm collections’ 
was taken by historical gardens, where some plants have survived the genetic erosion.
In the past, in the case of genotypes not easily propagated, the life cycle of the plants was 
coincident with their loss. For example, some genotypes of Prunus were positively tested as 
compatible rootstocks for cherry (Duquesne, 1974; Trefois, 1972) but the difficulty of clonal 
propagation did not allow their survival and commercial use. In 1958, in Turkey, Ozbek and 
Ayfer found the first monoecious Pistacea vera L., but because of the difficulty of grafting and 
rooting in the Pistacia genus, the plants were lost. The development of propagating techniques, 
and especially micropropagation, provided potentially exploitable tools even for multiplying 
genotypes that are difficult to root, such as the monoecious form of P. terebinthus L. found by 
Avanzato (2003).
It is estimated that the frequency of selection of genotypes from a breeding programme is 
between 0.3% and 0.5%, and, depending upon the species, may need a long period of observa-
tion. In the case of peach breeding, this period is between 10 and 12 years (Fideghelli and Rosati, 
1980). This clearly demonstrates the importance of all actions that aim to recover surviving 
genotypes, and specifically those surviving in historic gardens. The exploration of these sites 
could be an opportunity to recover old fruit genotypes rarely if ever found in other germplasm 
collections or nurseries, and for this reason are at risk of loss.
Taking into account that these historical gardens could be considered as a fountain of valu-
able genetic diversity, the Istituto Sperimentale per la Frutticoltura di Roma developed a national 
project to recover surviving fruit accessions from some historical gardens of the Lazio region 
(central Italy). A simple methodology was applied, comprising site prospection and plant map-
ping, sampling, plant propagation, and introduction into the germplasm collection.
Methodology
Site prospection and plant mapping
This first step consisted of a preliminary analysis of literature to identify potential sites for 
prospection (Morico et al., 1997). A the time of writing, 30 sites had been identified, of which 
three gardens had been explored: Ninfa, Castelgandolfo and Valvisciolo (Strabbioli et al., 1999; 
Avanzato and Ferretti, 2001). Recoverable accessions were identified, and included some old 
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fruit varieties and some genotypes potentially exploitable as fruit rootstocks. For each site, the 
plants were described by collecting data in different seasons and making an accurate botanical 
examination, thus compiling data sets with vegetative and reproductive habits, including some 
agronomic traits such as grafting compatibility and disease resistance.
Plant mapping was necessary, especially at sites where marking of plants with labels, poles, 
etc., was not allowed.
Sampling, propagation and introduction into the germplasm collection
The collection of propagating material from plants growing in the historical gardens is limited by 
several restrictions. First of all, it is necessary to consider the ornamental role played by the plants: 
shoots cut from the crown could affect the shape and compromise their aesthetic value. Another 
restricting factor is the physiological status of the plants: there is an inverse correlation between 
fruit production and propagation ability of the shoots. In fruit nurseries, the best propagating 
material is obtained from mother plants subjected to severe pruning. The plants growing in the 
historical gardens are subjected to very little pruning, thus favouring flower and fruit production. 
Plant age also needs to be considered. In the historical gardens, most of the plants are very old, 
and is well known that there is a negative correlation between plant age and shoot production 
suitable for use as grafting scions or rooting cuttings. Even the collecting time influences the 
recovery of propagation material. For sampling for grafting or rooting, it is not always possible 
to do both on a particular occasion, requiring repeat visits in a suitable season.
The best solution for propagation of some plant accessions from the historical gardens is by 
in vitro propagation, which requires very little vegetative material. This solution is suitable if 
the protocol for the micropropagation technique is already known. This method could be very 
expensive if prior basic studies are needed to establish a specific micropropagation protocol. 
In the present work, for example, in Ninfa garden, micropropagation was initially applied as 
a propagation technique to recover some potentially interesting plants, but some plants gave 
a negative response to this technique, so resort was had to grafting (Table 1). Three samples of 
each recovered plant were introduced into the germplasm collection.







Malus hupehensis Rehd.   1 Negative 15
Malus x micromalus Mak.   1 Negative 30
Citrus sinensis (L.) Osbeck   1 Not tested 50
Prunus subhirtella Miq. pendula   1 Positive 60
Prunus armeniaca L. 11 Not tested 75
Prunus avium L.   1 Not tested 75
Castanea sativa L.   3 Not tested 90
Olea europea L.   3 Negative 90
Results
Accessions recovered from the historical gardens, even if those accessions were varieties no 
longer popular for large-scale crop production, were introduced into the germplasm collection 
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as they could have potential for niche markets or as rootstocks. For example, the re-flowering 
orange genotype could be utilized to produce oranges in the summer (the normal orange season 
in Italy starts in October and is finished in May). Cherries characterized by fruit persistence, 
even if not popular at the present time, could be a source of genes for breeding programmes. 
An old chestnut genotype found at Castelgandolfo (garden of the Papal summer residence) 
was destined to disappear after a severe parasite attack, but because some plants had been 
multiplied by grafting, the same genotype is now once again growing in the same place.
References
Avanzato, D. 2003. Una forma monoica di Pistacia terebinthus scoperta in Bulgaria. Frutticoltura,
10: 51–53.
Avanzato, D. & Ferretti, L. 2001. Prospettive e potenzialità d’uso del germoplasma ornamentale 
nel contesto della moderna frutticoltura. Flortecnica, 4: 33–36.
 Duquesne, J. 1974. Les travaux de recherches actuellement en cours dans le monde pour l’obtention 
de cerisiers de petite taille par l’utilisation de nouveaux porte-greffes. La pomologie francaise.
16: 117.
Fideghelli, C. & Rosati, P. 1980. Il miglioramento genetico del pesco e le più recenti acquisizioni 
in campo varietale. Atti XV Convegno peschicolo. Ravenna, Italy. pp. 33–61.
Morico, G., Monastra, F. & Strabbioli, G. 1997. Germoplasma frutticolo nei parchi e giardini storici 
del Lazio. Convegno Giardini di piacere, giardini del sapere: forme e colori del giardini storico. Torino, 
Italy, 23 May 1997. Ace International, Flortecnica-Data&Fiori.
Ozbek, S. & Ayfer, M. 1958. An hermaphoditism Pistacia found in the vicinity of Antep, Turkey. 
Proceedings of the American Society for Horticultural Science, 72: 240–241.
Sansavini, S. & Watkins, R. 1991. Conservazione ed uso del germoplasma nella coltivazione del 
melo. Frutticoltura, 1: 45–55.
Strabbioli, G., Avanzato, D., Ferretti, L. & Ponsillo, A. 1999. Progetto per la valorizzazione di 
antico germoplasma di Prunus e Malus: aspetti agronomici, ornamentali e industriali di 
accessioni individuate nel giardino di Ninfa. Atti V Convegno nazionale sulla Biodiversità. 
pp. 101–108.
Trefois, N. 1972. Nanification du Cerisier par la voie botanique. Le Fruit Belge, 285–318.

European crop wild relative conservation 
criteria—indicators for the CWR species’ 
list prioritization
António Flor,1 Eliseu Bettencourt,2 Pedro Ivo Arriegas3 and Sónia R. Dias.4
1 Parque Natural das Serras de Aire e Candeeiros (ICN-PNSAC), Centro de Interpretação da Flora, 
Bairro, 2490 Ourém – Portugal. E-mail: <amflor@sapo.pt>
2 Departamento de Recursos Genéticos e Melhoramento, Estação Agronómica Nacional (EAN/INIAP), 
2784-505 Oeiras – Portugal. E-mail: <e.bettencourt@meganet.pt>
3 Instituto da Conservação da Natureza, Direcção de Serviços de Conservação da Natureza, Rua de 
Santa Marta, 55, 1150-294 Lisboa – Portugal. E-mail: <arriegasp@icn.pt>
4 Bioversity International, Via dei Tre Denari, 472/a, 00057 Maccarese, Rome, Italy. E-mail: <s.dias@cgiar.org>
Crop wild relatives (CWRs) have been a target group for conservation for some time. The ac-
celerated rate of species extinction due to the genetic erosion that this group is subject to and, 
more recently, the threat posed by genetic pollution, has brought a new dynamic to finding 
better and more cost-effective management plans for in situ conservation complementary to the 
ex situ conservation methods, and to promote their sustainable utilization. Also, developments 
in molecular technology in recent years have brought new dimensions, broadening the possi-
bilities of CWR utilization in breeding programmes, thus increasing their actual and potential 
value by making easier and quicker the identification of useful traits in distantly related or even 
non-related taxa, and their incorporation into improved varieties of crops.
Due to the extensive number of taxa occurring in Europe that fall into the category of CWR 
(more than 20 000 species), it is impractical to formulate management plans and monitoring 
regimes for the genetic conservation of the entire set of CWRs occurring in Europe, and thus there 
is a need to establish priorities for species conservation and hierarchies of methodologies. The 
establishment of such priorities and hierarchies should be based upon scientific criteria. This paper 
is a contribution to the identification of criteria applicable to European CWRs that will allow the 
identification and prioritization of taxa with recognized genetic affinity to European crops.
The exercise of systematization and conceptualization of criteria is based on the principle 
of the existence of a European CWR species list. The present proposal still leaves unanswered 
some questions, and it is not definitive on the matter of the selection and prioritization exer-
cise, leaving open future approaches to the prioritization process. Equally, there is still a need 
to develop methodology for the application of the proposed criteria, which will be developed 
when all criteria have been defined and tested. This proposal for criteria to assist in selection 
and prioritization for conservation of wild species of the European flora that are genetically 
related to crops is envisaged for application to taxonomic entities at the level of genus and 
species, and possibly even subspecies.
Despite the absence of a comprehensive European Red List of vascular plants, it was felt 
that criteria were needed to assess and predict genetic erosion and pollution affecting European 
CWR species. Although subject to modification, it must be commonly accepted.
The proposed criteria and methodology are therefore a base to start from, and an attempt 
to fill the identified gap in the establishment of standardized criteria and methodology for the 
European CWR species list. The authors propose criteria and a methodology, the application of 
which aims to prioritize a list of European CWRs, for the development of appropriate assess-
ment and prediction of genetic erosion and pollution, and for conservation methodologies.
84 Genetic erosion and pollution assessment methodologies
For a better systematization, the criteria were grouped, with a relational link through indica-
tors, which, in turn, are rated according to their valuation. Although the attribution of values to 
the indicators (valuation) is not yet finalized, Table 1 gives an example of a way the indicator 
value can be determined.
Groups of criteria
The criteria are grouped in five sets in order to reflect all of the variants that contribute to a 
taxon’s status in terms of genetic importance in relation to its cultivated relatives.
Threat   Assesses the risk of extinction or any other threat to taxon viability while being an 
integral part of an ecosystem.
Conservation   Assesses the existence of programmes or conservation and management 
plans for the taxon.
Genetic   Assesses the genetic potential and the status in terms of taxon conservation when 
its importance as a plant genetic resource is attested.
Economic Assesses the economic importance of the taxon.
Utilization   Assesses the social importance and the extent and frequency of traditional or 
other uses.
Criteria within the group ‘Threat’
IUCN threat category
This uses the criteria and threat categories commonly accepted and used to evaluate taxon 
threat status.
Indicators
The application, by the competent authority and formally published, of the following IUCN 
threat categories: EW (Extinct in the wild); CR (Critically endangered); EN (Endangered); 
VU (Vulnerable); NT (Near threatened); LC (Least concern); DD (Data deficient); NE (Not 
evaluated)
Biological susceptibility
This assesses taxon tolerance to harvesting (gathering) for use or commercialization, taking 
into consideration the harvested plant parts and the plant biological type.
Indicators
The classifications of High, Medium or Low susceptibility are applied as indicated in Table 2.
Criteria within the group ‘Conservation’
Ex situ
This assesses the existence of programmes and plans for the conservation of the taxon outside 
its natural habitat.
Indicators
Number of germplasm collections; Number of accessions; Geographical representation; Spe-
cies representation (well represented; under-represented); Type of maintenance (long-term; 
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Table 1. European crop wild relative conservation criteria
Group of criteria Criteria Indicators Valuation
Threat IUCN threat 
category
– EW (Extinct in the wild)
– CR (Critically endangered)
– EN (Endangered)
– VU (Vulnerable)
– NT (Near threatened)
– LC (Least concern)
– DD (Data deficient)

















Conservation Ex situ – Number of germplasm collections
– Number of accessions
– Geographical representation
– Species representation
– Type of maintenance
– No ex situ conservation
– Unknown
In situ – Whole or most part of the taxon population within a protected area
– Taxon with an in situ management plan
– Taxon somehow within a protected area
– No management or conservation in situ plan
– Unknown
Genetic Gene pool – Primary gene pool
– Secondary gene pool


































Uses – Traditional use
– Other uses
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In situ
This assesses the existence of conservation measures, active or passive, for conservation of the 
taxon in its natural habitat.
Indicators
Whole or most part of the taxon population is within a protected area; Taxon with an in situ
management plan; Taxon in part within a protected area; No management or conservation in
situ plan; Unknown.
Criteria within the group ‘Genetic’
Gene pool
This assesses the scientific potential of the taxon for utilization in breeding programmes.
Indicators
Primary gene pool; Secondary gene pool; Tertiary gene pool; Unknown.
Genetic erosion
This assesses the existence and extent of diversity loss due to genetic erosion.
Indicators
Yes (subject to genetic erosion); No (not subject to genetic erosion); Unknown.
Genetic pollution
This assesses the existence and extent of diversity loss due to genetic pollution.
Indicators
Yes (subject to genetic pollution); No (not subject to genetic pollution); Unknown.
Criteria within the group ‘Economic’
Commercialization
This assesses the existence and extent of trade involving the plant or parts of the plant assessed, 
in a regional or geographical area context.
Indicators
Regional enlarged; Regional restricted; National; No trade; Unknown.
Potential
This assesses the taxon’s current economic value and future potential.
Indicators
(Potential) Recognized; Recognition in progress; Possible potential; Without potential; Unknown.
Criteria within the group ‘Utilization’
Gathering
This assesses the frequency of gathering of parts or whole plants as an indication of pressure 
on the taxon in its natural habitat.
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Indicators
(Gathering) Regular; Seasonal; Occasional; Not gathered; Unknown.
Range
Assesses the geographical and social impact of gathering the taxon in its natural habitat.
Indicators
(Range) Regional enlarged; Regional restricted; National; Not gathered; Unknown.
Uses
Assesses the uses, traditional or otherwise, of the taxon
Indicators
Traditional uses; Other uses.
Table 2. Matrix to determine biological susceptibility as a factor of life form and plant part harvested
Life form Plant part harvested










High Medium Medium High High
Perennial Not
applicable
Medium High Low Low Low Low
Shrub Medium Medium High Low Low Low Low
Tree Medium Medium High Low Low Low Low
Note: When the assessment results in two different indicators for a species, the higher one should be used (e.g. 
where both low and medium might apply, select medium as the class).
Source: Adapted from Schippmann et al., 2002.
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Summary of workshop conclusions
Brian V. Ford-Lloyd
School of Biosciences, University of Birmingham, Edgbaston, Birmingham B15 2TT, UK. 
E-mail: < b.ford-lloyd@bham.ac.uk>
Session 1: Generalities and realities: what is the task and how
big is it?
Group 1: Political and Legal Issues
GMOs, genetic pollution and climate change gives GE/GP momentum with public and 
policy-makers.
Protected areas are not established with CWRs as a priority.
Need to establish legislation to promote CWRs and landraces.
Rare breeds of animals are legally supported but not landraces.
Taking habitat versus CWR species comparison, priority is given to habitat regardless of 
whether it has important CWR diversity.
Can we meet COP 2010 targets?
Need to identify key CWR species and focus surveying and monitoring on them 
(prioritization).
Need to identify criteria (economic importance, level of threat, etc.) that would enable list-
ing of CWRs for Europe and for each country to be protected and managed in protected 
areas (prioritization).
Attention needed to combat the negative impacts of alien introductions that might be in-
vasive weeds.
Need to consider both conventional and GMO pollution.
Should GMOs be prevented from being grown near protected areas containing CWRs?
Prevent growing of GMO crops if wild relatives are present locally, but not a problem 
if no direct wild relatives are present. However, the problem still exists for pollution of 
landraces.
Group 2: Genetic pollution
Urgent need to prioritize:
at the national level,
at the European level, and
at the global level.
Urgent need for historical baseline data.
Need to structure research effort: can we group by species, outcomes or geographical 
regions?
Need to work towards developing predictive models.





















90 Genetic erosion and pollution assessment methodologies
Session 2: Practical aspects of measurement, monitoring and
prediction
Group 1: Monitoring at the taxonomic level
Need for list of techniques for assessing, monitoring and predicting genetic erosion and 
pollution at the taxonomic level.
For each technique, need to state whether it is applicable for:
genetic erosion assessment, monitoring and prediction;
genetic pollution assessment, monitoring and prediction; and
all taxa or taxon groups in the CWR list.
Techniques need to be in some form of hierarchy (this could be a matrix, as different tech-
niques may be more suitable in different circumstances).
Recommendations needed for testing and use of the techniques for CWRs.
Group 2: Monitoring at and around population level
Taxon specific:
Relative taxon or variety rarity; and
Taxon-specific characters:
– Breeding system;
– Mode of dispersal;
– Life form; and
– Longevity of soil seed bank.
Availability and relative genetic diversity information.
Population-specific:
Population characteristics (<MVP), number and isolation; and
Extent of occurrence or area of occupancy.
Socio-economic specific:
Complementary conservation studies (ex situ);
Degree and manner of socio-economic use;
Vulnerability to landscape management changes; and
Susceptibility to genetic pollution.
Threat-specific:
Absence in protected areas; and
Vulnerability to natural disaster (flood, desertification).
Habitat specific:
Threatened habitats;
Geographical location relative to anthropogenic development; and
Rare or restricted habitats.
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Session 3: Case studies from CWR list
Group 1: Agricultural (recommendations and further steps)
1. Procedures for prioritization
Weighting
Decision tree
2. Decision whether crop-based or CWR-based, or both.
Group 2: Horticultural (including ornamentals)
Ornamentals
Many ornamental cases of alien species in the UK.
No regulations on introduction of these species.
No known legislation worldwide on gene flow.
Invasive Species
Rhododendron – alien species, cause of habitat degradation.
Cause of genetic erosion of CWR species.
Japanese knotweed – another alien species in UK.
Crop wild relative species
Use of local and international species for gardening (wild seeds) – no control; possible source 
of genetic erosion.
Collecting of plants in the wild by nurseries – populations of small palm in southern Italy 
disappearing.
Seed mixtures – genetic erosion by uncontrolled collecting – negative effect on both the wild 
population and the introduced habitat.
Plantations
Long-range gene flow much higher.
Pests and diseases
e.g. elm trees – introduced pest can cause catastrophic genetic erosion.
Isolated single trees
Susceptible to erosion, to being cut down, e.g. walnut tree – good genetic resource, no pro-




Asparagus – collecting from the wild is reducing wild populations.
Methodology
Forestry – appropriate sampling strategy necessary, management of whole forest (ecologi-
cal management).
Ornamentals – uncertain origin of the material; need to manage invasive species, not the 
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Session 4: The way forward for CWR conservation – specific
proposals regarding methodologies and prospects
Group 1: The CWR species list prioritization
Priority given to species on the basis of degree of threat (i.e. not based on current conser-
vation status, socio-economic value (use), genetic distinctiveness, biological importance, 
cultural importance, cost, feasibility and sustainability, legislation or ethical and aesthetic 
considerations).
Identification of threats from genetic erosion and pollution
Genetic erosion
– Species with a restricted geographical and ecological range.
– Species growing in natural habitats subject to destruction, degradation and 
fragmentation.
– Species poorly adapted to their niche and easily displaced by competition from ag-
gressive or alien species.
– Species found in anthropogenic or disturbed habitats.
– Species growing in marginal or very localized anthropogenic environments that are 
vulnerable to changes in agricultural practices or land use.
– Species growing in environments subject to regular natural or human-directed 
disasters.
– Species subject to wild harvesting, overexploitation and incidental take.
Genetic pollution
– Species closely related to the polluting species.
– Species closely related to the polluting species and found sympatric with the polluter.
– Out-breeders (?)
How to assess these threats on individual CWR species – are some threats worse than others?
Recommendations for the prioritization of the CWR list in relation to genetic erosion and 
genetic pollution.
Would it be possible to develop further the comparative ranking system suggested by 
Guarino (1995)?
Group 2: The hierarchy of methodologies
Ways of prioritizing in relation to a hierarchy:
1. Abundance (proxy by way of country occurrence where actual abundance data are not 
available).
2. Distribution.
3. Economic value per crop quota per sector.
4. Red Listing (threat assessment).
Following on from this assessment, further information would be required where necessary 
and as determined by the above hierarchy:
Population monitoring by proxy indicators if possible.
Genetics (genetic diversity and population genetic parameters using molecular markers in 
high priority situations).
•
•
•
•
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•
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